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<JJt-ifu (jyic sj-iLSJI AJjjJLI 4-ulsjJI j si &^=JI (JjjfcQl ^'1 (j U (_*JjJtjJlj (jyJ-flJI (ft-tLtlU 4_aL»JI 4 nit nil I (- * 1 n" 



^y3 SJlJJ 1 a] I CjL^w^TlU 4_»_uJ ALaTufczl ljui ^Uj ( J_<ulJI Jj^-i-u 4r 2^^TJLl 4 ji^Uj 4_i_Li]|j 4_lL2H!I (_ajLk>jJI 
JLtj 4JL1I jijj«J J 1 ^»" 1 '. L gj-<a_LlII aJlSjJI iLstii *_£.} £_ LaJtS jlj o"iin^?l (J^-l (j-a (jLa-i^Mj pJLtJL) TcJLui.1 4j1 j ui 

S.LL) A_ «La JlSHJL I AjJjjJI <_)jLrtlJI *_a j fljj 4jjL>jI "J tlj&LLU j jj Wi j p^i nail) <LaL*JI Sjl J 2! '"■'-"■■•- Jl9j 

(^-tiTiJ 4jI ua Liajh ■ d'gi 1*^—1 1 J^jlII Jjj-a-u ' " '^ ' ^ ^"' a Ly^ 3 ' **" ' ^->^>- 4_lq.Ic i_i_JL_u1 J^^ ' 4_u-Jj_Ll!I ?c_al^i_!l 

4_u_uL_u2l aj_i£=jJI (JIUj i^JlII 4-illajJI 4_iLj.U j-uL«-U -}IJlcJ f-jfj-uLua £_ SjIaJJI ^jub cJilgj Jt£j 1 4jI ALalLa 

J^ul!! (jj 1 11 (jTuc.) **-^a i^"- 1 (jL>J J^^~~ » '"'" ty^C- L#jI-<-i 4r J- u '-*-^' ^-aTLtj j! 1 <u_uj_LiJI 5y_al^_<JI $.l_b ^_ 

4_iisj_dJ (_£JJI (jr Laj«JI xJaljJI *_a 4_lcJL«JI ^Jj-J' (5^'j-^ <^..-cvj <_ 7 lg-tl (—jJjJljJIj < _ ;y j-aJ1 p-il*lL? <LaL»JI inn "j-llj 

tjj) 1 11 < LSI i^"tl j i^-ii j^^jjjjij w_aljj_<j 4JLoL^=lLo 2 j la * ) AjL^III ^_ (jL*JL!l oJJt Tj-x-ti ((J-a-*-!! 3,9 1 n '*" tllalLa 

.iUuLlu^I 4jLlLLsILo j^^*- ' A_ ^'"'JJ'^'j (J^JtJI 

4_tlSHll dlLl^aJU 4_iclj|jJI CjWI 4 j * 2j /o 1 11^ j-JjJlII (Jj-l-i CjL^=j^ta 4_ujjJl1II 4_i t lL>JI OJJt (JjLujj 

(_^a '-^^"tl I j^J 4Laj^LII CjIjL^II 1 >l 1 ■■"^-'1 4_Laj^= (JjLjjj Ajo^i^. CjUljj-isj^a 

(J^-J j-C 'LUI (j^a (J^aG 4_ujjJl1II Ajj^jsJI iJjuli tiLiJtJ jj 11 - 1 ,* ''"'" (jr^J Te-ALul j-Jalajj p j -1 usuj LaLtll ajlj^lj 

i Jlj^juJI ^j^a jJaj ' La ■ •■ ■ a (_ijJLu/Li < <Laj}UI 4jj_ajjiiJI CjIjL^II (jjj-aG ^_ j_i!uLl>j J^— > ■"■« p j ■ ■■" jjl 

.CjljL^i.1 <?JLfi> i—)L ■■"^— I 4^1 ^t- &£.j3 (jPJI ^J^^-— uijIj CjI a-u-LallL 4Jl t" 1 nVLj 

.«.LcjJI (_t-Lre.a » jqi 11 4Jl '.ijLi-isj-ij 4-iaj Li I j La q ' LLaj ■ aXI 9 Lkjl JlcJ (^yic (j'^-aJ'-^JI 3^ J -1 O' (J ^ ' " ' < "^' _3 
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JftjJUlSj** 



J[^jJlII cjL^=jj3tA cjLu_uL_u ! 









(_)^>-lj Jjl^j^. zl CjLjJLvC CjjJlj>- 4_uLi^=j J|J_iJlJI d)l ^-»j Scj9 ( I *y uaj ) d)l »j ■ o2j ■ 1£ i_3j_tll! B 

: (jyic Ij-iL^ <_JjJuJtl jj^~-J 2 Jl>-jJI oJl4> J i"^-»" LaJtlc 

. 4_i£.L)jJI djj^sj.1 SjJ-i iSjjLA - ^ 

. <Lul_«iiJI tiJj^sJkl 2jj.s iajjLA - Y 

. (Jj_ijJI CjL^=j^ta ( I *^*<^" ) <~il ^j,, ,.y» <L3j_*_a - V 

. dJj^sJkl SMjU. , „l ,Ji>.|j <jjl^L>.^?l CjJljso i ^^^— iajjLA - t 

. Jj-JjJI -ijJ^oJ 4_ul_La_^=JI 4jj^=pJI ia^ta - 

. JjLh^^' 4jUf (J^-lj^a iajjL^s _ V 

. <j_>_uGj «LiLuj/Ij Jjj-LaJI ia^ta - A 

. Z^ * 4 l ( rl M Sjl Jl^>JI OjJt, (jGuJ (JJ UJjJlIII J ua_) (j) ■ 

. 4 LlSIII CjI Jl*JJ 4 j * 23 JJ-a^a ■ '-""*■ ' B 







<UJ44 



(. 1 1 n~>- (Jj_ijJI CjL^=j^ta ( 1 kj-LLaj ) '*" -y ■ u.2ja Jalj i"i2l ( A-uLjIlII . 4_i£.L)jJI ) i_l!j^>Jkl /yJJJ-i • 4-ujIj.} 
( Qui ala 1 "VI c-4JJj3 ( '" J ' ' JJ^C < (j ".'^~~' . i-JL*^ ( (J-ii i""itl «JJ-S pjj : L^-La Sj 1 »^-» CjVL^ta 

. *JJ . . . «GjJiJ9j tiJj^>J,l <*-C.j-"-u 

r-j-ilu Jl isLis 2L) i jJJ-<-'-I' CjL^=j^ta jj^l J|j_ijJI CjL^=j^ta ,_;-"•*- ■ (_jJ-!l 4_uAJI (jjjLh"^' ^J-*-* 3 (o'm i 11 I a.^3 

(<wSj JljJljso 4_loj^=j J|j_ijJI -ij^9j j^^ljj^j J|j_ijJI CjL^=j^ta (_p>-l JlJ (j -"" *-J La (J^=j jjj^jji.^l d>LJ a-g 

. (Jj_ijJI CjL^=j_^-d-i 4jjJl>- f-<-«J 3j-^' ^J-*-* 3 lLUJl^=j i J[j_ijJI -SjJ9j 'A?^ ^ Lj ^ Je ^- 1 (_^sL>iJI (jLLt^oJI 



JjJJJt iJLSjJw uUwLwi 



jJIW 







jL^=^ta ^_ Ltijl m"i>z 4_lcLijJI ajjjJL) I JljJ l-3j i n LJjfcj 4_icL)j 2jJ-Sj "^H*-"-* °J3^ Jlj- 1 ^' <-£Jj-stA <_>«-*-> 
. L^j Jalj i*ii 2) ■* j_"j/—~ 'J 4_uLuJI SjjjJI ^j^l i«L-iJlJ>JI *)"m i u ajjjJI oJJb < _J I i ^— ij Juuj c J|j_ijJI 

P - * ' " J> " J^~* '"'_J ** J ' ' _i l_*_i 1 ^yic JL»OJU 4-1 -|^~~ ' ' Ja * a cl^jjl Lirin *Tu : <_ iSe i a 11 lLsj) i~i ~ 1 

. I- cSe i nil ^jLzeja 



. 2MjU , „VI jji-lju J>^>.j_U «-'^(J' ' taj us 4-i3 («jj : i La » i a 1 1 Jaj) i*ii - Y 
. (^yJ-UpJI £>a*LiJb s-Sjj-U .-.l^—j^t I £_ ) ; Y * (yJU^- Ldj^sJ.1 JaUuiaJl 4 mil - I 

. Lu^Sj jl_i oo- V* .UU.^Wl i U : , ^ - — 
. Ljj>Sj ^ii^ ^-J- 1 V0 * - * ♦ *I^JI 5j'j->- ^>-j-i ~ -i 
. 4_aL>- Jtlc Lul i -ij^j-ll (JU'imiI (jy ic JlcL_uj I jufc (J^= 
( <_ir*.jJU Jaj i ii 1 1 ) _J-A_5 (3L>"'- > " a 1 ^** O^ JF-*"-^' (J* l -»'i (J-° * " ^"' ' " * I 4j5 («jJ '. SjJlHJI daj i*ii - X 
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TDC 



BDC 



( Y) J^i 







(_ylc (J.ia-t-1 (_^JlII (j- 1 -» i ..^-.Vlj (j^* - Jj>4 - ^ 'J ' " 'JD .' ^~* * ch ^j-tia-is i- 1 1 ii » (_yic- l^J"- 36 -^' cJj -1 ^' -L9^i ^jTltkj 

. Jj-JjJI -ij^J 3'j-^^ i-aj^UI *'_»iJ' 4^0^-1 (jiaii^ 

. ^jUtlll JaJ^all ^ £,o : \ *JL3 *l_^JLi JjJSaJ! tlalj. aiui's (jl j^>j diljj 

Jl Li^oio f^j-^- 1 *L^' Lh° ^tH 3 -^ 3 <J^' OJJ ^ Lj ^> J .j^"""* 1 ' -SjJSjJu *'_4iJ' oaJL>J AJ^Iilll 4 1 1 gill 4^j-t.<uj 

. J>jJ9jJI ^j^a 4-L.t.a 4_ui^= i3j-^ tiJv>«i! 4-JI ala ■ u| 

(j ^ « J 1 Ij-JaJ JjjJ^I i-djj^a 4- !^-«L^= ^'j^l Jj^ftJI 3'j^^ (jr^=^ ^ *L^' <>" *J-*^=JI "J^> o' ^1 

. jjl^Ii^.VI 4_J a-£ 4_ a JlcI i all ^j-* 3 *1 9jJ' ' J-^ 1 L." 1 ~- ' "^~~ >l £y* I ''•*■« ' y— Lo-i <jJ-J' 4_tloJI dil iaji LtaJI 

ilaLieais jjb al^— ,*:,tl ^j^ Lifolaj JjLh^^' *^ <J^ N "l^ 1 — LLalj. J>jJ9_aJL) *l_aJI ilalj. al^— ,*:. ^ - ^ 
*uj (j! i— a j 3!>^>-^' ^J-^- lM*-^ JjSjJI (j^a sjJaJS <J^= l «^P" ' J$S$U 4j_i_oi!L) *l_o<JI 4^0^-1 
. aj LaJll I liiij («-^>- S j^a * * * LujJij I j a ■*■-*- iJLu «. I j-J I ^a i m*^ i Lfllala. 

• V J-iW 1 ^' Jj^>II (JLh^' J ta »j Lj-4 3!>^-^' ^J-^- 4r ^-aJJeTi-U A^Ltll CjIjLc. ^j^«; J_^>-J ~ V 

^j^l JJ_)3 *'^tJ' Cy* * - -1 ^~* ' (Jj -1 ^ cd>sej0 J>J^>J /yi-uj ^LaL^= Jij^jJI ( 3J^1>.I ^jLajiiJ 4JI 3." " '- <1 - 4 T ''"'"" 
ilalki! «JjJ^>JI 4_LiuiJI ^ a , ujj ( LujJlJ XT' Jl /Y* ^l^a^o ilalki! 4JjJklII Aj^uiJI LbJijLjso ^jJI dJJj 

. tiJj^>J,l (JjI^- 4j>.jjJ L«j3 pig. j-Ltli (j^J Ji^^aJlj ^.1_a-J1 iIaJL>J 4-tljLaJI Aj^olILi 







: ijJLiii lLsjj Mill j-2j3 (jyic (jj-jjJi djj^ta jji^i».i i^c. (_^>-j ^L?-^*-^' r"W^ t -*^j-y 

. S-l^jJI Cjl_U^».J J>Jj9jJI Cj \j LaJS (j"U 4 J I ( nitl 4.C.J I rltl pLflJjl .Y 

. £*•*- ,,,^—jVI Jjlj /-.IjU^t Jll>JI ilaJLjJI . £ 
JjjjJa ^^j£. iiajJL>JI 2jIjj>- <L»-jJtJ p^~~ ' > *"j (jJL>JI aj^>-l 4 La ■ ul aj <>jl m'mIj «LcL3JlJ|j J>jJ9jJI 4-)jJl3 (<u3j 
Sj^>.| ^yic *W-JI ^° -S3S3U Jl-l>JI . ul-^tl jL^lt-ia Lfcju^u <U2J^..L>J a\\* U , ,,V1 _}L*_)1j < ul • <>< i y I 4 1 1 u < 
. (j .. .^-. 1 1 j'Lclj Lkjl Jl>-j S'iIjU , ..Vl jjjjIj (J-L- 1 JJ "•*■*■ U ^ L>— *- = *" jrP" J^"""* '"'J (J-^ 6 '"itlj ^jJL>JI 

! CS - ^^ CS^J CS^J^' LS^ f*"^ U' ^ . 1- > J till jJai. Jjl jiOUj 

: J>fl>f I j2* : Vji 

2jl^>. cJl2j1^J (__>IlLfujJI J^tC-J (jJL>JI <lV i>» a 4 l- . ..Ij« (JjjjJI Li!j^tAJ 3!>1 > -^' I *^>^ lP*"'^ 1 .JjSaJI (j ^* f^ 

: ^Li^jUl 

. ( j_ia/l_La (j-<i^- (-l!j^ta LlJLc. ) (_>IiLfujJI <— IJ-Sj -SJlC . ^ 

: (jJL>JI 4 * j la * a «.ljj>-2 4_tlaJI 4_JL>JI . Y 
. ( Cj LuLul . (J-llo^IjI i—Lj-ilJI j 1 1 a *»■ j II 4 -»-,>. a . ^j <L>JI 4^e-ua^a . ^_)IiL<i^JI ) 

. aJlJt" i nU JjJ9jJI (_^a-il Liaj.9 '* T tC-J-i -Y 

. jjl^ls^l i^j-C. (Ji>-I JlJ j^LijJI x_iisjjO . i 

: fl^l^j^-: UJLj 

J^i-i *l_ul ^Lh^^I ^J-^- 4r *L&-^ ^J^ J-* ^6° J-*^ J-^'j-* i—cjyj Ijll>- Uai>. *I_^JL> JjSjJI iIaJL>J 
CjL^=j_3e-«JLJ t_aL^= p I J^U (-jjiajj 2jL!i^(l (j^a pjj L^la-i ujf 4_ (jyl*- ^L?! 5 "^! L -^J-^ p^** a 4- t ^- ljL;>, di -ij^jJI 

. Sj-Li^aJI <"<r»ljU,..VI CjI j 

4-LLt.o lLs_jj_iIu L^j ^l^l^^l i— Sj-C. (j-« 4j^sL>. flj-il J] r-Llso Sj ij LaJI CjLJI aia ■ u »' Cjlj CjL^=j^>Jkl (j| VI 

. "j ' i ^-^ ^fl°j 1>^ 4r (J-«l-^=-JI JjL^!*-^ *'_^'j JlaSaJI ^j^a LLa-tlj. jIJlcI LglLa ■ ul aj pjj 







V * * Jl .UU .^'.\l t AA-uJ 4jjIj^»- i>-J-S CxJLflJjl (_£JJIj S*iljU,..VI ^Ljj i^JlII *l_aJI *-« -ijJ^oJI ^j'jj (JjLali 

I Jljj j—ILjJLi t i^^*- *1 9jJI f-a ' " " *" J (& (j-*9 J-^-Aii Jj^J-j' 'J'J- 3 "" **jJ f-^J-^ LuJjJ Lu^Sj Aj_jia <L»-j-} 

jjjejjJJ .jjJ9jJI <LuL) (JLtiiJ (jyic LfcjjJiJ JlC.1 i n"i'q SjIj^kJI ^j^a I Jjj_a >. i j i uj (_£JJI ^1 jJI (JLtLiVI £_ ^Liiaju 

,Ji>-l J I Ji3> j " -~- a OJ2j i^- *^ «" uil (<U * W-J^> I "-^J*" ** la 1 a- J .i^JSjJI J-itjJ (*JJ jl c_ aj lIUJ (JjJ2 ^j^— lJj 

ajlj^>JL) -SjJSjJI -il Jual JLc 1 tali <^*«VI s-lj-ffc JlcL-uJJ <>J-^tjJ (_£| AjjUJI aJUkJI J I 4jjj><j -ijJ^oJI (JLt-il (jj inj 

J'^J J^ <LuliJI ^j-lJjus «.j^»- IL. Oj-iejj r^L^^ LbjL>-j i _ / ^^— " V L^JT VI UL)L-u j^— 'n I -i^— till JJ LajMJI 

(j-a ajLc (JjI i nil JijjjjJI j^=-j3 IJ4JJ 4_uLUI ijfja 1 ajjfl ^j^a *lj->-l Jl LJLl»-Ij 4_uLjJI *lj-»-l (j-« <J-il2-!l Jl 

aj ii LaJl '"''J iLaJLlI ^j^a j_t±^= JJlC J I JijJ9jJI Cm" ("1" t_o.j <>j_je_u ^_ plj_u/^LI 4JIJ2 /<u (j-«J (_yJ»-jL>JI <lseia-i-u 

^j^. I J^j-fcJ > '"'" M (jl (_OiJ ' - ' \j JaJll I tfjufc (jl I -i ^— > ajl^Jtll i _p3jjLll r*~ J i^al (jr^- U J ' -^ "*- ' I A_xJe_> I Jl>- 

. JjJi^i! ^l^-itl jJbjUJI J La »j U-a Lgjiaju IL. Lgj-Jjj 

Jjjjjjl 2jla2J (^y^jliJI -- La 1 till (j^a ijl^^-V ^^H ciilj (jyicj da_JL>JI jj^~~ '"'_' (jl Jjjje-4-1 JjJ2jJI jL>J J au tStJ 
Lfcjjjtjj Julj Lg-La ^''J^~- ll 1 1 CjljLiJI Ji^tli '-^-tP- lH*-' ' "^ *IJ*JI (J^L>- L^L^JlJI «.l_ul lLUJ Juu I j» a rrj-^ (°-* 

. ajj-iil aj^LuIl 1 La 2 * U ljL>. 

: ^AuSjVl j£ woxll : LwJU 

2jlaJ2 pLajjl (j£. /tj-<£5 L^Sjjla i^_ (jyilll (j 1 T ' "^--J^^ JjJ2jJI Cj\j cLajj dJblJ2 I al^a ^^>^i ^L?-^*"^' j 0" 1 nj 

^rLre-LS £m -» , „^-.jVl ^^yj Jjj_a ^Jl Z iila-all JljJl>- 7eJa-i-u ( _pajjujj 4J^L>Jkl CjljLiJI 1 aJL>< ■ Lk^uj/ ^_ JijJ2jJI 

4 JjjLJta 2*<ljU , ,.V I J_ 2j^>-jJll (j* 1 T ' "^— 'J^l 4_uj^= (jl j-lC. I j^' : ~~ l aj ttStl 1 *t\t j" , „l (jy l>. I Jl^=l4iJ ( 

Cjl^xLa^JI Jl>] LiUjJ <L*_uJj < Lglajl . .. ^_a (JJ2J I '^7- ■ o^ajl 1 J * ^ Sj LaS (J^= Jl ^ '~'b tLa2JI pLajJI j«_iLjjjJ2 

1- r j 1 uj Lj-a «_jj intl J^l^—tl ^IjI^^U >j^UI £><-> ,,,^—jVI jL>ol '£_ <jaju^a j^ — 1| 2jji2 J^-^ «fr *^=^l 

_ ^ . _ 
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Jj^jJI udj^a 4. JjIp^VI oLLmJ .UU. ( X ) J^n 
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JjJJJt iJLSjJw uUwLwi 



jJIW 







J^jJjld>*i 4^Lull*jjdLJI 



da I j i"il ^j-" 3 ' '"•' ""' (j^-^J) '"' 4r ^J'J- 1 * 1 ^' *JlJ'-"' ( a '- <, - 1 l (jr^ 1 "°'J '"'^l 4 -^'-<^ (Jj- 1 ^ Cji^sj^oA ~«j ^-»« Ct-LU 

cjUUI jjl£. 4- Jolj-iVl (^Lij t±!j-=e-«l! 4jjL-ai! lcj-uA\ Ij Jalj^iVl tplJin tilj-^-U op 3 ^^ c^ 1 *^j 

. jj^=>\ ajJ^ (_r^- '*-'-* (J J ' <a "*- 1 1 ^j^—-* <3 ' (<U (j-^J ' (J J* mill dalj) i*iil JJlC i—ajL-iis 4J < <uLl3Jl!I £— 

(J-<a-<3 i>j.-L>. i Q^aie * a JaJLtJaJ 3 il aJa i uVI (_)i-l.i ^Jl «UlSJij _«^><-I' (j-« *'^tJ' '-'"*•'" ^-u-u^J ** "" ' '" " A J-Jr" i n" 

«.l_o»JI (_ it i ii (_ylc 4 ^- i ia 1 , 1 /f> i ii*«.l j—li'.l jJI jl Ju>JI jl jJLal (_ylc <j-U-upJI ^jLLu/l <j-u a jj La-jJll ( " 1 1 a •»■ a II 

iL. L*4J^=Jj ( ( LoLu ij£.LijJI '~'t^— j jJ ,1 '2- JL>JI j-& U-^= ) r,ljU,„VI trJJ <tj iL. o^L" 3 - 1 " 3 ^j^ U-^= 

. (. i-r i n aUx2 jj>- VIj aJLc I <i AJl>.T >jj^~~ ' ' (jl (j-* 2( J-i < aJLc (_ 3 _aLw^3 jj^l sjLlC <UL>JI oJufc 
jj^jJI (JLc. i_3j_*IlJI (JM->- (j-*_J ' ( » J^>-'j 5-J1 ala i u] jj ) dalj i*iiVI (j^l-S (Jj-'-i t£l>seA 7c_ii5j-l ( £ ) J 1 '— ■ ■"■ 
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INTAKE AND EXHAUST COMPRESSION 

Fig. 13 — Two-Stroke Cycle Engine (Diesel Shown) 
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: JiVljsa Laj»> .US'* 

JJ ^« <^»tl LiLij (jr^-J (t6) J^— • ui B . D . (_/ Jtl£. ^MjU,..VI Jrt mt IL. (jjil j^— • II £-^J (jt (JrF 6 ^ 

a '->■ , >■ 1 1 ^j_a *lj*JI fJSJoJ lLUJlJ ( 4_»-jlL<La .ajL*JI cllLaLaj^j *'^t^' OL^*"-^ CjL^ejS (J^= >jj' : ~~ '"' ' (jr^-' 

Jajj-iaj i Laa i i a 1 1 s-l_o*JI (J-a-tJj f 4J| aia ■ •■* I jl Jl>- ^_ ajjL^ejXI ■"" aellflJI JjjjJa (jji 4JI aia i ■■»' J I Ajjj^jJI 

. AjLaJI (—sLa-us (Jj^Ja ^2>£. 4J|aIa i u 2f 1 ?TjL>- A-SjI i nil SjjjJI ^j^a a A I ^-", t, I joL*JI CjljLc *-2-i (_ylc- .J' - "^"" ' " 

ajL*JI LaL«j-a (J-Li-i ' ( ' ' ) J^""* ■"■ . daj Mill *_ij ^j-a < !j-5j La LiiaLJS (_ylc-t J] (j "' '^~~ ' II lIIjjxjj Lajtlcj 

*jL*JI ClIjLc jj^"' 4_JL>JI ojufe '2- i LfcLtaii JJS (j^U^aJI 03^=^ t "^P" *l?^' <_If*° ^jL=e^ (3"L<3 La^= 

j Laa. (_yic. (J.a-t-1 vi^>- (_ylcl (J! ,_)"' '^~~' ll * *\) ' ■ ig 5-JLIl «.l_a«JLi AJlaJa ■ u VI C-Jilaj i LjJt-t»a. CjjjJa JJS 

jjjfl jjJSjJI (j-Sjso 1 . JJ . L/ Jl (j uLi^a 11 (J_aa-aj (J^J ' ^1 J^ 3 ' ' ^-*^ JlIc j-iJu-a j-f=*- <4- ? l?t^' 

i^y>-\ i u 11 ' lag » i -•** 1 1 1 *I_^iJI f-< ) '" "' 'J^$ jlij <nt (jr^- >5$SjJI ^jLLu < > a eu ' I jJutLa jj ■■^* i ) Jjjj-*-! (_>IiLij/jJ| 

. ^ A* AjU i Luaj jlj Jj3 tj^j-ll iJ-aX jj^~" '_' 5JL>JI "j^> 4r ' <JD- L: *-i^ 





INTAKE AND EXHAUST 



COMPRESSION 



Fig. 13 — Two-Stroke Cycle Engine (Diesel Shown) 
(u0)(l0 ) J^=ui 



POWER 



(jr LLj±JI 4jJ.ll 4ja2lll Jtl£. (jjiJ^aXI — t 



. Luj^pJI 4-a-i>it,l Jl l£o^>JI ?I^*JI J_ai«-J— \ 



\r 



JjJJJt iJLSjJw uUwLwi 



jJIW 







. ( I 1 ) J^aufw ( JU-aJI lLjjIJ! ) SjJl2JI da^A 

«.JljJ ajL*J! CjLaLa-i^a ■- " co Lu^Ji] daj) Mill t/V ^j_a < sjJL) La LlLsLJS J<? < <<\ J I (j -■* .^-< tl i_l!j_^L) Lajiicj 

^j^o J->Ji (J! fOLiJI dlljLi. ?TJ-><-> <>^P" ' N-^2 X-dJj_« JaJuia CjI j CjJIj La (Jill 4JSp->Jkl CjljLiJI ' *Jj , ^ s " 

( _ y il!l s-'_a*JI *-3Jl-LlJ Lpoj Jj *'_a«Ji (J_oio dil^tlS j g Iqj < jj < »^-» (JjL.ul Jl (j -■* ■^-.tl lLIj^c-li La Jtlcj 

(JJj-k (]>£■ <Lji^= 4J3p--»J, I CjljUJI ~ ...£—>" LiUjJ 4^ejjJj ( <_i "\ ) J 1 ^ ui S'iIjU...^! Ji^l J Jl JajJuiaJU 

< dJj-^jiil AjjIj^kJI »JJJlII '"-I -i"^— I JJ3 jj^-— "' O . D . (_^ JJ (ju<l j^— Jl J'^J LajJcj i a^LlII (^Lw-a 

. 4laL^= 4_i! (_£l V"\ * LkjJil AJpl J 4^=j^»- ijlj^l JJ3 <JJ9j-U Jjof ji_a^=LJ 4JL>JI ojufc iL.J 




f"0 1 !«•[ Ct£U 




INTAKE AND EXHAUST COMPRESSION 

Fig. 13 — Two-Stroke Cycle Engine (Diesel Shown) 



( v l)( fl) J^=ui 



^ i 



JjjJJI uLSjJw uUuLul 






2utljjJlijV5fliu2j 




bljitfl <iuLU utfjJfcl Ij <U*Uj.)l Ul^jjfti I |^U 4JjL40 



^vixju^uu^ai 


ial^lV^J^^J^ 1 




JjJ3j_U Jij-a-ti (j^JJ-^ 4r- (*-" * Jl>.|j (JJLilu 2jJ-> .1 


. SjJl2JI (J llliit La^t»- <JJ9| t j^'=7-lL.) tiJj^sJkl .Y 


*j . 1 5t| ^j„A;t l^-»-^j i'^-.T jjj'^ ' '*'>"*■ ' 1 Y 


(j^a i_l!j^>Jkl 2jJl^ /J] (jjj-I' 4-LmJ .1 

4 kg\kw J! 2.5 kg\kw 


6.5 kg\kw J! 2.5 kg\kw 


45 kw\l J! 25 kw\l 


£yi fnxj>ii\ (Jl SjJlSJI 4 1 1 (i ) .1 

50 kw\l Jl 20 kw\l 


^jjO ?-jI^jj (JTr ("ill (j'jjJ^' ic.J-i-u .0 

6000 rpm J! 4000 rpm 

,U;,ut| ♦ 1 >j_j 70 /n II 50 /n j„ j— .Ml 2 ,,..", 

pedd = 3 bar .... 5 bar jl^l 


j^ys ?-jl^jJ jjJXjlJLI tj'jj^' 4X.j_i_u .0 

5000 rpm J\ 3000 rpm 

,U;,ut| ; i ,,j XO /n II 70 /n j„ j-» ,=;,t| 2 ,..,'. 

pedd = 7 bar .... 10 bar jUiii 


600 g\kw.h J] 400 g\kw.h 


430g\kw.h jl 280 g\kw.h 


(jljjj Jtl£.) (J-La^eTiJI (»JlC i^H-u 4-JL*. <4- ' J ^a^l 


(Jt ("ill «JJ-S ^2 lj-li-> p laj La j lC tj'jjjJ' <*>£■ -V 
a ■ T \ — . — , u-ilj ,",T j"\I"j . i-^-lj J* "• ' l->j "• j a Uj'~'~ 




Vj p , n ,^"tl 'S> 3UI,„i j~^^-ij * \l «tl j 1^--" A 



^0 







: JJJJJI ulSjJw liiu 

. ( {jva^jli j i ) <Lul_ij 3jjj ~~ I 

. ( tlstjji^M ( _ r cLij jj ) 4_j£.Ljj Sjjj ~~ ^ 

. ( V ) Jli ; j^JI Jxi _Y 

. ( 5 Ju>-lj 4-$^. jj-a i LaJt tlaJI ) (JaAIi Jj-a-a (j u j^— i a ji ciJjjx-a ~~ I 
. ( (j\ j j &. (j-a JaJt <iaJl ) (JjLaJl ?7jjj^a ^j ..j<^— ■ a jj cijjj^a _ < i 

. /jjliIlo ^j-u I Ivj (J 1 <ali " ^j ■■ ^'-— 1 " ! j ciJ )^t/3 ~ i 1 

CjUtjkjaiVl J-ic _t 

1 i < V ^\c j_£jlbel<j i">I^-ij -.t I ;tjjj tilljJ 1 4_Lo i ij 1 U 1 1 SjJlSJI ^If liJjjy <i!1 <"<IMjU , „VI ^Jlc JlcIUj 

oJl>-Ij 4J|j_Lu_uL) (J-a-*J i"ii^-ij --^ I iX il ^jJUb < a I JlJ-"ii nV I (jjs (jlojjiJl <_ 1 1 n->- ^If *iMjt-» . ..I ^ Y jl 1 A < "\ < 

J>jJ9jJI 1 il^l j" 1 "' '"'' ' il Ltalialj i_l!j^>Jj (jjs 4 'j I La 1 , 1 SjJlSJI ij^i {j\j^\ J-a-C (JjL><j ill I ^—j -- 1 1 » j * 1 <aj 1 " 1 1 ^-»j ■" 

£jC ij'jJ^' *4- *J>^° UJ^"" 1 "' tULJIjt-i ni2] £yzj^±^=o JJulj /tlB (jP-II CjL^=j_>J,I j < Jjt iVill (j^ajl i^i a»j ijjj-"j 

. ,-.P.|jt V| jj^ 4JL12 CjL^=»j^J,I 

. i"i!MjU . ..VI fj J^" . .. a l_l!j^fc/3 _ I 

. ( V ) i-3j^>- J'^ 1 - u< ^ylc d'IMjU,..? cllj^eja - i_i 

. i~iIMjU . ..VI . U ... 1 I a dJjJ^jS _ 77 

. i"iIMjU ...VI (j;jj-a£ clIj^tA - J 

. ( 1 ) t-3j-^>- (J^3-li (.yi^. 43LaL<JJ^> Ll!j^tA - I 

. ( \-d ) i_3j^>- J^~* "■ (_yic- 'CjLaLaj^s l£!jj»js _ 1 1 

. ( r ) *-3j^>- J' ; ~~ 1 •'■• (j^C- 43LaLjj^> LiJj^tA - -r 



U 




JjjdJluL£>MuLwLui jJiW 2utljjJlijV5fliu2j 



. s-LiLi -S^-a Lilj^eja ~ <_) 

I tJJJA ail A£. Jjoi -^ 

. XJLLajJI IL. 3_aJ ^ * ♦ • - ^.; tiJj-^a - I 

. <*JLiJ3jJI £_ <Li! YO * * — \ * * * , ta i -j" a tiJj^ta ~ ej 

. <uLJ3 jJI ^_ <LU *\ * * * f-Jj-"-u t-dj^ta - r- 

. < 'j^~~ 'j Sjn i ii i_£jj^ta - I 

. j^i'ill LiJ^^ta - T 



. JjJSjJj N j 0^* CjLAI jjlc ^_ ^j-*-!' i—ij-us Jj-isL*. j^^ SjJlSJI 

i_l!j_x-aU 4_l>-jL>JI ( _j^3|jJkJI JJlJso (_jjJI (JjoIjjlII jj^a SjJlSJI 



^v 



JjJJJt iJLSjJw uUwLwi 



jJIW 








(^ii. ,_vu-^=a-a) J--^^ -^Aj4 ^j ■■ ■ ■£— * Ji liJjjw 




(^j-uLlA <J-"^J JnL-ajJi) ;J*-iJ' ^JJ^jU 1j )". , ^~ > a -*!> tl!^)-*^ 
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JjjJJI uLSjJw uUuLul 
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1^_ 






^— 


1 



Rw 



( A ) Jli 



. .-.l'.|jU,„V| ^jU l<]j_^o .V 

. CjLJI aia i u »' i La ■ •■ ■ * a i_l!j^ta . i 

. sjjjJI (jyjLjj Lilj^eja .0 



M 







O 



T 



O 



33 



T ThdT 



1-HEAD H-HEAD F-HEAD L-HEAD 



T-HEAD 



(1 ) J" 



r . 






JJJJLI! d>sw j»IJL£lwI uVLw 

: I j* a i Li <L»-L>JI jj U" j L&.jJl*1iJ 1 -*j .^.^ ' ■♦ LaJ "j <»^-» CjVLx>3 ^_ J|j_)jJI ■ " ' 1 ^— <j ->■ a aJlJt" i n" 

~,\tal^tl^— JjjJI j| (jjJLl (>u j-i^aJLi JrtTitl j| »jj« '-"^ '.'J^" 1 J^ ^IjLj-m '2- 1 -i^— > i-LjjJ.1 Ji-b (J2TJI 
A_ *_<_ulj (JLze^i-i aJlJt" i ii" Liulj 4_ul jJLlI Jsl^Jtlj «_)! ija-dl JJij ^_ (_ujLjjI J^— » ■"■ ) a JlJt" i n"j t »j . .^-. tl 

. . OzLsJkl ^"l )"l \ AJ-S3 (_jJ-Il (J-d ' iJI 

(Jj "" "- U (j-L^L^iaj CjLjIj^>JIj= 4_i£.lj|jJI ClLLal colli '£. j 'J^~- (J^=lAj JljjjJI Cslj=j^ia aJlst" i n" 

. (_£j-!l '"'■ he-uajg 2— (-ujjLuj) (J ^— » ■"■ 'j 

: iLuJI^uULiJYl.T 

. <*iljl A-^-tl Liiulj $.LLJI CiLaj I" i n a (JiLLi f»3-^J (_P-I1 O ' .' ^~* * I CjLta.1 mi!1j=3 

: $ bj^ftl Jld$J uLtaft* 4 

4-aLxJI - ' 'J j^~~*^ (V 3 "'-^ 9 i '^^" CjjJl>- JlIc - I 'j j ^— » 1 1 JljJjIl! 4_^Lll>-I CjI jJj-a j^lc- SI mi i a (J^=i J-qTl^j 

. Jlj-i-S Cilj=3j^ia (_yic J-qTiaj CjI jJjJU oJJt jij^~~ '"' La ioLcj 

. sl^tJI Ja.C I aj ^^ 4_l>-J)j_U Cj| j » IaJI A_ Jjjjis (J'- =E -* J a J ■>■**< ui" 9 



r ^ 







: JJJJJI uLSjifc* bjfjy^ 4 

^j >. A ie ' 1 J LfJj-X-aJJ 4_)jlj^>JI »-> fl^aJI Jl J>J J|j_ljJI d)L^= *J~*" a 4r * < V»>V| 4 i ui t oljjj 4_3e_uJ . \ 

Jjl^p^-^l ^J-^- ?TJ^*- *|v^ Jj^jJI LLaJL> aJu<J JljjjJI -ij^J aI Jiitli-uL) JJJ^-*- j-LaLita CjjJl*. <UJ9 . Y 

. 4 i a a -»■ * I , I Oui^ i ntl Jtlc j_l±^= O'JJ-^ i a > c ' ^~i^3* -^ 

. ( 4 liaAse La »Ji_aJ*- jj Ai^J ' 4-' J '-^' dL^a>»«jU 4r- L>^P"J -L9^J aI JlJt" i ul .V 

: JJ.JJJI uLSjJW U£L£ 

: 4_JLU| i_)lj i,i>U Jj_jjJI i~.l<^— j— * (jjjj_t^= .) 
. ^MjU,„VI jUjI «.}Ljj (J\ i^JjJ U-a *ljjjl sJiLj J-aUl 4_JLc (_<-mJ _ I 
d)l tt-ua uaj (Jl ml 1 ul ajjjjis Jl (_£->!-! L4-4 S'iIjU , „Vl (Ji>.| J ^ i^iaVI , U» ,^-tl 4-a-ia f-LflJjl ~ <_) 

J|j_ijJI -Sj^J dru ' La I -•- II «Ld q<* a«.Lo^= (_paji». Jl i^->|J • (j-S-^JLJ 4j^lUI 4_tlajJI a^xill j-i^z£ ~ r- 
»■>*»* i~il a_La "•»" lLUJl^sJ ^5f" 2 jLlj 4 1 1 11 \ { J-aVx\ <U_!Lc <_ 1 1 u < a JlJt" i ii"< till jjj i ^Ij-Jlj 
(_yJll!lj_a jl^U^yi jJlSj sl^l J-a Ja%JI ^IjJ Ja}Ll>.l jla liaJ dJJjj 3Lh^^' l -^>^ 
. (Jj_ljJI tiJj^ta j t 1 11 ^_ aJuj '- 1 1 ' u j La I Jubj ( (J^aL^s ^I^jj*.! ^J\ (Jjj-ajJI 

. 4ril"ciei,l JLa^VI Ju£. jLi-jJI jjjt^ .Y 

. (jJL>iJ' 2 aj U i a 4Jl_U^5 4^^ .V 

. 2-SjLJI f-\j^-^\ IL. 4J^5L^aJ (jljJJ sJl ^ -^ 



rr 



JjjJJI uLSjJw uUuLul 
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jj>LJI djjwj JjjJJI d^M £u ^Lui AJjLa« 



j>jjdji»» 


6d>^»^>»» 


AijQ&\ &$ 


lOyi 


XV* 

f YA< -Yo< 

YY: \ - ^ : U 

^ V< -V- • 
Yo Y»*. 


*_>00*- £o> 

jO Yo- 
> : )V- ) : 1 

f . jl £♦* 

f .j Yo Y — 

^j ^ v>< 


. ^jia-LajJI 4_LaJL) 
,L-il « ,>.i*Vl 2 1 , „ 1 

. 4jjIj^>JI 4 -V*" 

. J!>S».VI -Ut.M^.^Vl j^kJ! 

. ijLh^ 3 *-^ igj<«"»rttl SjIj^kJI <L>-j.} 
.J-al <i -itl Jj^kJI JU£. AjL»JI CjIjLc. SjIjj*. ia-j-i 


1 

Y 
Y 

I 



1 

V 
A 

\ 
\> 



. 4 uaAie-La (j'j_J-i CjLc^_uj Jtlc *j '.'^~* (*9> c ' J?-^ L^l ^- (J O^""" cJj- 1 ^"' ' ^~"-J ~" " r > '^ L:r " ' "' 4_L«_Al 

1 * - j" ' "IJ 2j Jl^JI £ys J^— d (jjj_Ll i-l!j^ia (Jlla-l J->-lj JO- 1 ^ L ^l> J>1 ^ ^1 jVI ClLtise-La TciisjJ ( ^ * ) J^"* ■"■ 
aJjlII (j^a J^— > ] (j-L^=j^>Jkl (j^iAlI s-lj^l TciisjJ ( M ) J^— > uia t O-lL) (J-«^>- JlI£. >j-*Jlj <U1j i ntlj jijJ9jJI 

. 4 iil"-ttja (JLu*.| Jtl£. j^— J a <Uij i ntlj J>jJ9jJI 1 ' t^l j" 1 ul a 
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JjjJJI uLSjJw uUuLul 
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CuLj J*?- JLic jjjij ji-ij Jjjj djjtt f liVl uUctU 



g/kW h N 



m 



c 

o 

K 
B 

=5 
C 
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u 

^ 260 



i 
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^300 

u 
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-^100 














M— 


























p 
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kw 



80 *- 
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40 1 



20 



1000 min- 

iJjiii*j-, Engine Speed 
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c 

E 
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£120 
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djii i*^ Engine Speed 



( ^> ) J^i 



ti 
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folia* JU»- i JLic jjj^j ji^-tj Jjj i djsd f toVl uLJpua 



g/kWh 

-c 

c 
o 

Q. 

£ 

-r. 

c 
p 

U 400 



INm 



400 



^200 

a o 



I 



-», 



300 



200 L 



■a, 



o 



M 




100 
80 ^c 
70| 

55- 
55? 
70 1 
80° 
100 



1000 min-1 

£j£\ i* j* Engine Speed 



J 

1 

1 



g/kWh 

■ft 



q 
5 



in 

c 

c 



± 700f- ~ 
% 



u 
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Nm 
^160 
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1 1 
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d>tfej^ Engine Speed 
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( n ) j^=u 



r» 







. <Lu4-)J^3JJ jLjjb (Jjljj-u ^ya (JjjjJI -ij^J UJ^~ I '* I J 
{_ys «.(_^j^>JLa £ ' < ^— >j -1 1 J j-jL^lII J^— » ilJI I fcjlg lJiSjjJ a Al",-»^ Limit (j^J-^^'j L^-^JJ^t-^' -iL> J ' 

o-" OMj-^ ■jL*^l lV cl9^~~ i "'J ' ( C_^.Zrlo ^1 oj^aJI oj-aj ) (j^-yl c? a ' "^ (jj-Wj-^^JJ^ 1 ^' ' . ' ^~T>^ ' 

*_a a jLStLa (jaJj^aJI (j_a Cjljj Cj^Lj (jy^C- *^_>*" l£- 3 - I A d ( C-'jrlO ^1 oj^aJI <>j-aj ) (jL)J>^l (j' L^- 3 *- 4r 

: (_P^' 3^^^ (jr^ 1 (Jj^^' Aj^J fl^' S'^ V (jr^W-^' J^-i mtl (jj ^~~ l JJ ' O^JJ^V^ dy 3 < — 'L)- 5 u'- 4 - 1 

. OJ) ;^-— / ^ — (j-i ■*- i ■■^— I Z ^ — i j^J>.JJJ^^Jt, /■ \ \ — tjj^j^=s /AV 

jj^a Jjj-i La-a SJijLlII Sjlj^l (J}L». '— Lpj^-t^aJ I (_>ii>aL>. jlj^ - *"'^ l -^l> >, -'' , ' (jr^ 1 ~°j u ^ 2 ' J*-*' lV '"'.!? t^aij Ltj 

. ^j^— > i ' La (JJ9J CiJp i^aJI 4 1 1 gj jj^~- "' (jl C-AJ I jJ CjLJljJa ■ "^ (_L^=G 

. ( C14H30 ) ejLstiJtl CjLj^oJI 4- ^L*Ua 4jjJ <_L^= CjLLloIj^j lxlos. CilJa^all ojufc ' aJlJo 

: JjJJtl! J>3$ jajL^J- 
. J3UIJi.lj.5t 

4_ 4JLa IJljJj i 4jLaljie."Lml JJutH] Ij-LaJ N ^"' j".^— VI aJjU-U ClL^aj II <j-a l_LaJ (jr Lil JjJSaJI Clujj 

. ^j-^-^j' Jj^J aI Jiir" i ill j"^-* ' aJLlSjJI J|j_ljJI Jj^J (Jl * i"'j I S'^~~' * ' (jr^ ^ , ,£—,U JKjjJI CjL^=j^ta 

ujLjo 4 La i ul aj a jLc ^j^« " uaJJI i>jL<k ^jj/Lajj J|j_ijJI Lilj^ta «.l Jl 4_ AJaj^tla <l»-j JlJ JijJ9jJI ^j-^M .^.-^ ^3|3j 

*l Jl jLpj»l (j£. lP-*^ « VJ^^' ^ Juk (jl VI (jr L«-flJI (J-aJ<-II CjVL»- 4- -iJ^J-JI *l-il oW W^ ' ' ""* &£ ^-jJ-aJt-a 

. d ,..«\ Li!j^>II 4- <-iiii Juu -}jJ9a-!l 



rn 







jJc Lul J J^>JI JaJSaJI J *" ilij d.-ta» Liij^J.1 a'tljU,,.! ,Ji.| j (Jil JJI JU"miM-t J9J95JI <*-^Lil-9 l£J^s J-^J 

CjI j CjL^=j^>Jkl lIUj (_^a -^ »1 'j J|j_ijJI CjL^=j^ta -Sj^J jj^* " "•*'*'- (<s-a>l (j-« 4_lu3L>JI tfjuti j.ll*jj (jL>-jJLt 
(*^9j (J3L4-I J-&J ' L)'"j ' " " (<^J (jyl '" > 0^-*-« C^J '- ' ' "^ f"'j->' »JlC J I J|j_ijJI ->j-9j 1 a * ' *^J) AjJLttl CjUI^ I ntl 

(JIM I "tl (<^J JlJJUSO 4_Ld_l^=J Jj)J ' ' " ) Od3-'- L ^' L ^J^ sja ■AJ^J (Jl ♦" Ull pJJ 4_LU3L>. tjLuJ J Qt"l ( nU (j""'^~~ > *' 

. ( L5».V 

(<UJ /jJ-I' 2jlj^>iJl <L>-jJlJ J|j_ljJI l_l!j^ia -SjJSjJ 4 [ I nitL) jJJ/L2jJ jL>>J (_j!J (J^^^J (JjI I ntl l\ J t" I ill (_£JuO J-A>J 

i>jui> 1 - , . ^ A ^-"i I 1 -il^— IjjLLaj j"'^— I J>j-9jJ! (ja^aJ lLUJljj JijJ9jJI I juj (j" L *- a jl J"La (j-« Z^ * j 1 La 23 LbJtl£. 
CjL^=j^>Jkl ->j\a (j-° Ij-iUaj j '^— >l flj '♦ LaJI J|j_ijJI CjL^=j^ta -Sj^J »JJ^~" ' ' O' *— *- > 4J 'j'j-^' Cy 6 * A 1 -"' 

. (jL>-jJI j j j la a aJulII 2jIjj>- 4-».j-S (j a a **■ "j -ij-SjJI 1 ^N j" ' "I tj^i^ j) 'j*^-*" 

aLjj Jl*j *'^(J' (j-C- (Jj-a-a 4r-J (3^*-° * « 4r- Jj^JJl (j-* d -^. Lt -° ,d ^l^~~' (j-LJr 1 »" Jl*_i a Al^-"t I 2 jLil jl jJLa J-&J 

J>^J9jJI £_ aJLlSjJI CjI j^~-j II 4 j i uj iajjLA *lj^.^(l I JJt, iij^"i i njj i Sj-jl t-."t I Jj^jJI *lj^-l )>-La--^. j^e-JJ 

1 aliellXI (j_jjj^=JI 4_u^L>. (J Jj I Jl^jj jJe_uj (jl ^j^a V JlJ 4 -1 Se aj a dll l ^~~'j a (Jj_^=ljJ 1^1 J t" 1 »l j '^— > Via 

(j_jjj^=JI ^^-i^-— J-»vltJj A_lL>-I jJI tiJj^sJkl *lj->-l (jr^C- ^tH^J-^ 3 '-. ' ' "^JJ jjj^- 1 "^ -^J^J-I' ^r!^ 1 ^ jl JlLo (jyic 

(_^j -Sj^J a! jVi 1 11I j ^— > -i j£ «Q£.j_ij/J i_*Jj^>J,l (<uaii>- (jr^C. Ij 'j^~- I JLolcl Jj^jJI ^_ L^j ?-j <i 1 11 U 1 alielXI 

J^l 4 1 1 in (_£J Jj^ j j 4 ua-aJe-iXI Cjui^ 1 ntl dilj ^j l j^~~' II CjL^=j^>iil -^ 1 alseHXI (j_aJ) ^~~* ^ J .'^~~*' 4 ' ' " ' 

. 4_JL«JI kcj 1 ntl CjI j aj^i^aJI CjL^=j^>J,I IL. i alielXI jjJj^aJL! 



TV 







4_>-jjJ (j^*J O^"""* 1 'J tjL^ i nit «CLajLLa jl jJLa jl La (JjLuj <^_ t _ y JL>-l JlII i * n^-il-^xl jl jJLa {j£. j-i*3 (_ 3 -4>J 

: _i La jJjL-o 
aJ^LII ^j-^j-J' J] JjSjJI (j-« 4 -^H t - a ,d ^i^~' (jLj^ i nt ajM-I' (j-ajJI (j-u 4 [ i alii ) jJLvjl CjL>-jJlj - I 
^jjjLlSJ (jflW 2\ J-Lvjl jL^Js- (J I ml i nU dJJjj fySjUl *Lil {_yz «d 4-ljl i n a 4_ui^= (jUj_caJ 

a I Jiir" i ii u j-Lt.Lg> j '-^ a (_^j ' iSj (J^L>- JijJ9jJI ^j^o 4-u.t.a 4_l«^= tju^ i nt <Loj}Ltl (—iljILtl JJuu ~ <_) 

. ( .sj£$JI (jLj-^J aLojMJI (^Ijill 
ct-^p- jj^jJI (j-S^. 4 a j \\ i a (_L>.|j (jLj_ijAI MjjJLLa ±ja! L3J2 4J1 ml < J\ <_Lls JljjjJI -ij^j <L>.jjJ (jjjLajj 

4 i ii.nj.JI (jJL>JI ■ J -> i^- " ^_ q <L>J| CjI Jl>-j CxjjJjJ aJlJt! i nt J|j_ijJI -SjJ9j (jV, (j"(-*-« Jl>- ^j^l (_La3 2 I uud 

4_ 3 J ' ^b-^i *^ejJI JjlaJ j-i^i £aL^ t- La »j 4j>.jjJ JJ9^M .sjJa^JLa 3!>^>-^' ^j-^- <J*"' J <>«^A>M <j-° 

. Jl;L>- Jjlp^*-' f& Cy^J ^Jt^^i 4Ja^Lli.l J(j i ii j Lj-d J>jJ9jJI Ciljjliiit /ojjej>JI 

: ujjj&IjIJum.O 

{j£. /tjl-Ltl I V*.^-."tl ^.m jL>o *_a J>jJ9jJI ' . ^^-—j" <4- Aj^J^ '"'!)'. ^~~ l ^ ^ 3 !>**■' O^ 1 ^>^L<J' CjljLkJI Jl^cjj 

j ^$"- ' ^- c -J- < '- : ?- a J l -^> J>,, J>' *'j-^' Q-^-* ' (J^ 3 ^ «- ' ' i in ajLis j^^La^*- 1 tilllLi ^)J^~~ '"'"' a -Sj^SjJI ^l^-^*-' a ^^ »g 

2'iljU , „VI <k U , „ 2jlj^*- 4^»-jj ^a (JJLSj Lj-a j^jj*. (_Li^>- Caj ui!j_>Jkl (_)-«-*-> (j^>- Sj AliaJI oJub jljjjj ajLlII 

. «.LXI jL>o (_^ajtJ tfjtlc i ^"^~-"'J i^jJI Jlj>JI Jl 

^ ^-.11 i. i j ( nl ^JjJI (_LajJI CjIjJj 4_uJl*JU jljil (_>^ju ^— J_aljJLi 4-LaJbieJ I 4-JLtaJ I jljil jl Ji^a ^j^l jjju j-<kj 

jJt^J ljL>- (Jjlxi jljii^s ^^C Jlj-ll tfJub tjjj 4 ' ' "' ^d>^ * I (****' ^"j ''-V^ ' L ^l> J>1 ^' *'j-^' Q-^-* ' 4r '-*d> J - u 

(jjjJI Jl 4 1 1 ii )j ^I^IL^VI jj^a i alieliXI jLajJI jl Jti^s (jj_9 f& JlaSftJI (j-« 4_ui^= ^J^* 1 - 1 « Jul ^jj/LSjj (j'^~* a ^* ' 

jj '1--1" n j^j^I j ''--I" ' jLojJI jljJLa (JjiSj > j^— > ^i 'j jjS^JI ^j aAl! JL-a ^ I 



TA 







J_ (. i j i n"ij 1 o^— i JjSjJI ijj!^^ 5 *' ""^J^ At JJ"' ti-Ui (j-C /?^-yj Ai^J-'W ^^^""**-M (— tjlj Mill jl *UI jl JuLa j_o> 

. ^jJL>«JI CjLiLijj ^jJL>JI ■*-»■ t.a a «.ljj>.| I Ju-aj (_)^=G 

L-i-Iselll «Li <U^sL>. (_jia_u3j 4_LaJL) -i^Sj J^"""* -^^ >1 d3 ' ^-^° 'JIJ- 36 -^ J ' "^ a ' '!>^' ^ '^ Q^H 8 -? 'J^ 1 ^ 5 (jr^- 

jl 4JL5j Jtlc I j '-"■■•- j '^— >| ,jj^~~ » ' I Jl>- 4 ' a a se * I , I (^Ja-LaaJI 4^»-jJ jj J>jJ9jJLs ^jjj^ejJI jl (J-S-Lll Jtlc Jjjlj^>JI 
( jjl^2».^(l JLcTn-i <i-;P>- t-l!j^>Jk1 (Ji>-I J -ijJSj-JI ^l^-^*-' "^J-* 3 Lr^- >J^".l a J <UaJL) jl ^>-jJ <Jj^ If J ' 4JjjJ>o 

4_ JLq-CLmMJ 41a* }La (jr Ll Jji3 I a ^— > JaL*j]l jl jLgjyTJI '2- -5jJ9$il LfeJiI^. Ijljj ^^lII ajlj^>JI ^>-jJ ^yA 

4_ JLa-tlm^U aJiLc r*"\' "^ 4-lILlII JjSJuJI SU^'i jj, jjl^JLa i I Jl>. SjjLi *l_a^-f £- J-**3 ^,1!! <"<l^-.j^-t I 

AjjJj ^ La »j V 4JI I -i^— i Jij-SjJI (j-2*- icjjjj»ja £_ ^L^ < ntl (J^j-u (J-ujJ <UL>JI olXJt '£— 4J2 *l^>-^l tfjuk 

^ a La ) J Jlj^j /g all! sLU ^j^a «U jl i u a (j^-*-* t*- 1 *^*- uj_3 (J i -L9^3"^ O^ 3 (J"*-*-" t*- 1 *-*" d0_3 A-i-mJ ^j^. SjLlC ^a-<k 
(-a "i < ( _j^3L>. jL^>- ■< la ' ul »J Jij^jJLI (_yiLj-<JI (JJ3J1 jj-uLiS > j^— > ^1 'j L^pj LLsL-iJjl ajlj^>JI A-a-L2 x_a Ji^jil 



r^ 



JjjJJI uLSjJw uUuLul 
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a LLaJti, I AjjIj^kJI ^LsLLaJI 4_uj^= JjJlJso LjJ ^j ^3 1 ct~;P» 4_aLJ I «J .^.M .^.-^ ^j^j .i^SjJJ 4jjIj^>JI 4 ».l£JI J ;"«"' 

4_La n! aj 1 ■■ a (JJufu Jl 4jjIj^>JI 4j9l_LaJI ojufc Jj^jso (jyic (-*Jj^>Jkl «jJlS A^jjla ^j^— 1 ) I Jl^jj £ dJjjaujJL! 

Jl>- Jl (_ r 1 iiLuj La -ij^aJ AjjIj^kJI 4 a-LaJI (j| La-ij ' ^*^ '"' <UajfcL) O IjL.il>. I is Julj 4jjIj^>JI 4 a-LaJI ^jj/LSjj 

. AjjIj^>JI tCLa-La (^yic J^JiIu-u^LJ La .ij^aJ (jr CjjJI (jjj-II Jl a+"mil f-Lfu till jJ (^yCjiJI 4Jjj x_a La 







till jl i^jjJ* J*J*~-^ ~1=- — 






jjjajJI *-^-j>! jLls-V cJjjjLu jl j^ 



-'•/>*<*#*.?■; 




< ASTM jtyt! jLiii-y ^^-,/^tJi 04*11 ) jj^jJi^JaS jLiki jts*. 



r. 







jLLuJI(^j 



(jl" h ' u-ll (<^J (j a ' "" CjI Jl>-j J|j_ijJI -S_oJ9j (J I *" uil fj-i JuJlselLt (Jjw 



JJ>-T -Sj^J <4" 2 JyVjJll (jl~M I iltl 4_U3_^=l] ijjjjjj 4 J ( nitl (jyic (JjJ Lojl La tX)^ Aj^W (_>^L>JI (jl~M I "tl (<L3jJ 

^j^a j->-l ' •^~~'J ^J ( (J I * uil ^ Lag S>H£ j .^<M 4_lloL>. 4J ) tjl" J i oJl -S_aJ9j (j-« . U^l^. ^j^i sjLlC ,jj*~~ ' ' 
^jl i r "i < jJ^Sj JaJLJo | i- : ^>- ( (J 1 * '"<) 4-LLic. »>^ (Jj^ 3 ' ^ ' D^Llflj (J-u-La Loll jjfc (J^jj^sjjJlo-JI d)l l ^~~'j a 

. JLtLiiVI pp 4_LLgL>. 4- Jj^' Jj^>JI *-* .U j-^tl |jui 

Q-dLlaj (J-lLlo Lill -ia^jJ (J I *"i"izl pa-i 4_u^5L>- (JIujj i^JJi ( * ) j a uaJI (j-/a s-iLc (JI"m ' "tl (<l2j /TJ^i '^ LJ di 

. , ta a£ jl'nuitl -SjJSoJ JLClJuVI fjj 4_lioL>. Jlaj i^JJI ( \ ' ' ) £LU Jl 

4j_ioL>. jj -ioJ^oJI LiUj (j| (_^l»j I jufc <jLa £0 jjfc La Jj-J-i -ij^oJ <_>^L>JI (jLLu_a]| /<klj (jL^=> li] 4JLa lLUJli 

. jj^Llaj (JjILus Li! I Z j (ji~ m i " -S_aJ9j Z £ ^j-« (j_of=ua -S_oJ9j LLa-iij. x_a L$J ^gjl i n" < (Jl t" i"il po-i 

JLtji^l Sitae Sp3 (_^i J ua^l -ij^jl! (JU'iMtVI foJ 4_lusL>- C^JL^= I qI^-* f-aJj-a (jLi-UjJI /<l2j <jt<= LaJL^= 

, ul » , :- »VI 4 1 1 n ) j.liAj ^j^— » i ' a Jl>-Ij 4*iljt-» , „l ^ j i _j^L>. liJj^ta ^- <?jLiTl>-Li La -S3S3J U'"j ' " " f^J ^j-uLoj 

: (^LlIL^a dilj /<UJJ ( jJjL^=jj tiJjj^a ) L$J 
. tl!j^>J,l '2- 4J (jl~Muitl a2j J>JJ^>J jljJLl -Jj^SaJI J-*-^J ■ ^ 
. J_a^aJI (J 5U i"i < (J-l>- JauLia ) jfl 4 i i n< /«-S^3 4jju 4£.j_uj Jtlc . Y 

. JLtji^l 4JLLac S^la (jj/Laj .T 

. (j-dLlflJ (J-U-Lfl LoJl Jij^jj (jLLi ) ntl Jj^J (j-« Jj^jJI LLa-tia. X-L&J ■ £ 

(jllj ' U-ll -^J^J (j^-> l-LaJL>JI (- I I n < J.CLtJ AJJ i t-tl i i>> l V 1 4 [ ( n \J 4JL)1 ) nil 'LU L"J I 4^1^ ( rltl ^j ..A I JlIc .0 

(Jl t i"iVI (Jia£ 2><-^ 4jj1 i n a (Jl t" i*iil 4JLLa£ s^ILflj JjlLIiJ Lia-ilj. (_yic (J ' -^ *-"' (_^>- (j^Llii (J-u-LaLaJlj 

. 4J jl'nuitl /<^j JlJJ^>J jIj-M -ij^^J 
a\j -^-^>>J -ilj-tl -ij^^J jb-UaJI /<^j ^yjfc ila-lijJI I jufc 4- qLi.ll.uJ I J_al_aJ ^_pil 4juiltl Q>^=3 .1 

. 4J (jb-LcJI 



r> 
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AW/m 




jUaVl^kASi^^jUxttJI^j^u 



ijJj-Ji jj 



jt. i ii 



jj 



. -Y (ji~j t ,Jt (<^j -^ 
.Y\ jjl"ji.Jl ^ij -^ 

(_5^>X1 'jl 11 Lj'jjj '^"* '^^ (jr-^-^J (jLj-U-oJI (<kJ9j (j-Ll 4_3}L»JI cj-^ O ^ ) J^— > -u 

. (Jl t i"i2l 4 LLa£ 3^IL3 d)j La£ (jln i uJI f^J ?-^0' l^^""* (j' -*-^' '''''' 

Vj YY ( j^i AjjIajJI ol_=j_>J,l -L. AjLJr'inU -ij^jl! (jl'ij intl («J9j JJL V (j| (____. 4_uj_t!l Cil ni^ljJ.1 (_>-a--i 

. 4jlj^ i ntlj <Lc.j_i.uJI 4 La i -j" a ol__=j_re_«JLI £ ^j-C J-Sj 



rr 







j—Ilj^so i>>ILaJI <>Ju4> j JlSjj ( _ y jl jJI (Jl t" i"iVI 4_iLt£. AjljtJj ^jJL>JI 4_J a-g 4-iljij (j-u 4_i_LajJI s^ILiJI L4JL1 i_3j_*3j 
4_uL>- Julj J>jJ9jJI (Jj^><-1 OJS^oJI I Jak (JIujj l -^P» (3^>*' N J *T* y'jj O^ 3 **0^ ' * oU ^ * Cy 3' ^tH^ * > * * ^ 

. ( JLtii^l SJLLag ojIlS 4j|_gj Julj ) lj_oJ2 (JjLL»fu-i£ JU'miVI 
; JL*Ji7l Aikc SjjS (j-a Jlaj ^1 JxljaJI 
. ^^ **»■ * a (Jin 1 " (*^J l£-^ Aj^5 ai Jljt" 1 hi . 1 
. Jjlp^^' *%>£■ (J*»lj '^-f^ ^dj'^-^ Jj^jJl (j-2-=*- -^ 
. (jJL>JI *J_) J_t£. ( 1 La_» L^aJI ) JaLLua ) *> 4 1 1 u <j ajlj^>JI <L>-j.} f-Lojjl .1 

. s-jjyiaj (jyjl J (Jl *" (III i^J Ai^i >l Jieludul . ^ 

. i_l!j_>JJ 2jlj_»- 4_»-j.} (jlal ^*-"'l . Y 

. «.l_a<JLi JjJ^oU Jtf>- j-t£. ila-La. .V 

.( 4 uaAse La *'_atJ' *J'J- > - ^-*OA$ ' ' ^ CL^ 13 - 1 L^* - 4r- Jj^J-I' >j *"*".! '•— r!-*" ' >j *"*" C^lAjj (<uJ_2j .0 

: jjj^JI ^Ijb-VI 4b->* : UJLi 

4_x_uj Sjlj^>JI 4j>-jJij iU« .>.n ^_ JljJ Mill pLjjjVL) jLLa-ij (Jl * mi^I 4JLL1C 2_>HJ2 4_L».j^a 1 . £«" (_jj-JI 4jL>.j_tl ^Jt 
oJJt, «.l_ul ijj^H 3 '^' 'j'j- 3 *" *^*J"* J lJl ^J (JL»jiVI 4JLLa£ »^la (J^L>- jj^-— "^ Jij^jJLi ^.l^a^JI Jajiita (JLtLii^? 

. Lu^2j ju V * ^J\ ilaJi liaJI a Lu^2j 4j^La 4^»-jJ ^ *\ * * _i aJL>-jJ^I 

. Ji_aSjJI (JLtLiil 2jlj^>- ^-J-^ -^ 
. ( 3^' CJjJl>- (JLaTc*-! -i'-i>J LLaJLuaJ I 2jLjj_l (j^=Jj ) lL>I « uaj^l 4 1 1 n'< .Y 



rr 



JjJJJt iJLSjJw uUwLwi 



jJIW 







. JU n,y\ AiLiC ap3 J^ 3 ■ ^ 

. JLiliJIj JjVl aJL^jJII J}U* jjSjli ( ckiiJI ) ^jjJuJI s jj* .r 

•• * 

. ( vi->,„^-, jVI S12J Jj|^L>.^M Jjula jjIaLaJol . ^ 
. JaJLtlaJ 1 daj i*ii «. I j" l 2f JaiLtlaJ 1 ^ys I fljo I . T 

Jjl^pj*.! f»JLC LiimiI Los (j <L>JI C^lS jjJ j-t>- G i_l!L<j4> ,jj^~~ ' ' LoJlJ£. jjl^p^-zl Jj*-lj_a ^j^a aj_t>-2l 4_L>-j_t,l (_ ;r £>J 

. A^LxJI Jaj^i sLul «L3J^1».I JijJSjJI J -i^~-^' a JJlajJI tLajji s-Lul JijJSjl! ,_LaL^= 
: JjjjJI CjL^j^a ^_ Jjl^VI iiUfi. J*lj-a <£x» ( U ) J ( ) T ) Salt! I Jl^-i.t.Vlj 







rt 
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!n»>>i\l Ja^jjJu (J^La. uj^-^ k^l^)^aJ (jl JO^VI (J^J^aj ^LfJ f^J 




TIME OF ENGINE STROKE 



Fig. 44 — Typical Diesel Engine Pressure Indicator Tracing 

( U )J^i 



.JLtiiVI 4±kc ( oj^Si ) aJL^j^s- A 

. g-^ylax!! JLh 3 -^' SJLa-j-a- C 
. ji-lltl Jlpa-Vl aJL^j^j- D 



fe 







J>JJJI uLS>;t*J 3jiaJ! 

Ji^jJI ^j^a ~ojjLi£=a 4_ui^= j>-<iTl>.j <^^>- (J I * uiVI 3 Hag 2^3 (Jj-^ ^^P- 1 dL}- 1 ^' ^Jl-^^J^*- 4r- 3j *— ! ^ u> ^i 

l£-SJj La-d LiltJI AjjJLI ilailll (j^a ujjJiJL) x_jj_<_a]l Jjl^^*-^' *>^ (J^^*" * ^^ J *" mi" /<u <jjl^L>.^?l is^C. (Ji>*l-> 

LjIj_P A-l^u-lJL) daijiaJI Jjut-« fLoJjl 2jLj ) <d <La_LS ^ uaJSl Jl I Jl>. j^uaS <j-aj IL. JaJuiaJI JjJt-« *-3j JJ 

.( \0) J^i 

; (Jjj^l dll£j^a ^ (Jjiall tllj-ia. ^1 (_5^jJ ^jlill (J-alj*il 

. ( e-ijb *l_a^l4- 

^LlILlj j_jjJlL!I fl-Sja- (J1S3 f-\$J\ (J_y>-S icj-<-u 4JJ9 ) iLols ajj, J^>-^UI 4-g.j i uJ tllj^sJkl (j'jJ^ "^ 

. ( JLtii^l <ita£ Sp^ JU-LaJ 

. (JLt-ii^M SJLLag 2^3 »l *"'! j 'J^~- (j-S*- (J^*-* 3 ■ £ 

. L^J ^^jIiLijJI x_iis_avOj (jjl^H^-^fl i^j-C. ra j t i<aj .0 

i^;^-— SI ^jL^I — (Jjj-ajlII flji ^"1 2j ■■■! — (Jjj-ajlII fljJJ jj» L^aJI <uLg-L!l — ^..j^—tl (juilj ) 

. ( <JJ3>U Ja^c — Jjxojj]! ^lj JJ 
J J l^Jp J^ (j-o^adl (jJ/ljJ AJl^l — Vlj JLh 3 '^' *^J-^ J*"' J 4 ^j'j^' ^"J-^ dr^^' f L^ij^l -^ 

. a'.ljU,„VI jIjl^o ^..j^—tl ^1 ,^,~,tl 



rn 
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.( »-J^ i nllj i la i uaj -i 1 1 /yJl-C — r^ La-ill ^j'-~>*~* ' a ) t-l!j^>Jkl pJ-tJ <- ' i u\jlA (Ji"m i u (^9 J (^^ Aj^5 A I Jirr" i ii I . 1 

. ( (Jl t i*ii2l 4 Hag 2^12 «.1_<jT ) (jJL>JI «.JlJ Jtl£. ,j^~- La (j-4>- (Jj^*-« .Y 



Iii-iU 



ns.n 




ji jJI j>* ^i jj ^ 






rv 




*i*3* 



-uj^l S ^l-i" 



-t^ i rT>0 II 1 1 ij t i III] -g^ i h II p 1 1 n i 1 1 fin In II riiii inqp II 




.g 



J^j Qi&jXA 



(j\^e-Li±.u I t 



ijLuui . <J[pjwV! ^-s>^ 



»«* 



J 

*3 









iJjub 4_4j>-^3j CjI t o i*iitl J_u.<vl? j j^ajJ I ( pl^jVI : C.-i^v ^j^a Q^sr i '"ill CjI * qi"i /yic i_3j_tlJI b 
4J2j_t«j ( (Jjj-ajjJI aJL^Is . SjJlSJI . <LajLim . Jl$j>JI ) 4_l«JL*JI L^jVjJjua 4J2j_t«j jj^ajJI 
. LiliJjJI £fJxuuul\ CjU-.aJ'u *lj-3-l (_yl£. i_3jJlL!I ' dJji^r> J LjJ 4_uLlj^J==JI SjjIjJI 

: (jylc Ij-iL^ <_jjJl1JLI jj^— j 2 JlvjJI o'jJt J o"^-i" Lajtlc 

. I Jl>- (jyic. I— aj-u aj (J^= p^l 4J2jjl>s - Y 
. A aj i u-1 ,1 4j2jJ<JIj Jjl^-^*-^' l -^J-^ lM* - '^ <La]liseJtl i laa » i a ! I CjLjLu (<u-uj "~ V 

. £j\£r (.n"tl CjUq mi! 4.JL>J jJI *lj^^?l A^jJL* - 1 
. ZAO 4j^_al) ajl Jl^>JI ojufc (j^l l)\ MJ^^' J"".' 0' 

. (jl-^ - i n'ltl CjI t qi"i ajjljij Cju-lSc-lXI 9 (Jjl Ju»Jlj j j uaJ I (_p3j_*J jl^>- ~ \ 
. A li I" at U (j-LJr i ri'll CjI t qi"ij Jjl^j- 3 *. « ' •— ^J-^ y J'^~' '"' * CjI a i m-a - Y 

■ <Jj^' ^-LjJjJilII sJ^aJI i_sl Juki jL23| ■ 
. 4-JL>-l jJI tl!j^>J,l *lj-»-t J-*C (M^J (J^*^ (jr^ 1 »jJ^!l " 



VA 







:<UiA« 



1 g I ifuJSj ,3[pa»VI 4_lL^1 £-L>J J^L>- (>« t-l!j^>J,l *ljil JiJljso (jP-I'j A_<j^JL1 *ljp.^l £ya ^jl^.^] i_3j_C. j-fuu 

| j-^*-J La J^— i ] Jj^JaJlj J|j_ljJI CjL^=j_^-d-l 4j^sL>JI Jjl^jJfc.zl l_ Sj-C. 4_i_ulj.i /<UJ t— 3j i n 2 Jl>-jJI 0Jl4> (JM->- 

. L^J^-tC . Lgjlj_L4-4 . L^cI^jI . I j fl-l * I <-~ . Lj-fl-il la 9 

. i_3jJl!I lIUj CjI a i mraj Cj LajjjjjJ I j j j uaJ I (J^ii>- (j-« L#iaX aJL^Isj LJL^a ■"■' /yic i_3j_tlJL) tilljj 

^_ JlCI i uJ jl J[j_ijJI CjL^=j^ta ^_ (Jl t" i"izl 4-J aX ^_ SJlcI > aJLI (JjLujjJI ^j^a (j-uir i n"tl CjI t qi"i j.ll<jj 

J}L>- jj-^j^a^JI s-Sj>J SJL>- 4r <-4>»*il o'jJ- 5 ^j' J 4 4r 3l>^^' ^J-^- d^"'- 5 A9^>^J *L^' '^i^ l^-sb-^jj 

: <>i.-L>. ^j^a j^lst i ri'll CjI t qi"i /yic i— 3j-*jj i_3_o_i_u a Jl>^oJI ojL^k 
. Q^sr i.i~i\\ CjLt-a-coJ 4_lL>-IjJI *ljp-^l £3jjl>s i 'It't^-. j . Jjj^jlJI . LajLHI . jlxlll - ' j^M - jj-«jJI . f \y^\ 



f* 



(icty.aiuL»4u.3ijb-viiJji jj1y\y 2uftijjjiuY5riiii 




LLalieJJ I Jl>- Ij i i aJ3 LLaj ' -J lajj <_jJ-ll 4jlj^ i uJI CjL^aj^sJkl j&^laj Jjl^^-^l ^J-^- J*^"" 1 '*" 4j a Al Cjj^la JlSj 

J^-— ■"■' **3(J' <»jL)2 4-u.t.o Jjl^jj*-! i_ 3j-C. 4-«J^ i nil flj '« LtaJI CjL^=aj^>Jkl ^_ aJlJcTll-uJ lLUJJ Jjl^L>.^(l /<u (j-aj 

jj^a «.ljj>.i (J n1 ♦ i j i ua3 (j-aj 4r ^rF*" 3 !>**■' Lr^ 1 U J ' a "*" " *L^ ** la I a. _a L$jL>-jI_) J>jJ9oJI f-JJJJ Lr^- ^ Lg- ' ' " ' 

*-a La djjjxja £_ <jjl^L>.^?l <L3j_c. fv n L<aJ <j-u Jj^ljJ Li!Lub ;jj^~" '_' (jl >— cjvj I o ^— AjJLlJI CiLlj i nil Jtl£. 4_uLjJI 

. 4-2^^ 4_a a_^_La C- oj 

: JJJJJI ulSjJM ^ ^l^b-VI 3&j£ Aidaj 

' - ' I a I -» i 1 19 Sj i »^3 4 rf-'- a j 2^!i^ 4r _ ' J J aL==Jl I LgSI^ILs*! J j ■ •■ ) \j • u^»> ■ J>jJ9jJI 4 * se ■"■ j u ia *- ■ ^_ A-a-ALmXl 

. -ijJSjJI dJ^L^L-ul (jJa-ai'-j dJj^sJkl 2jJlS «->LjJ l£->|j La-a AJLliis JjL?-^*-' 

(j-a *(^j-^- <_L^= <LLaL>.J (^yic JlcLujJ i La » i a II ilaj^fu J}L>. S.I34LJ 4_l!Lc SjLjI CjI j jj^~- "' (jl ~ \ 

1 1 ^ j i ^ ^j sj.lx.u3 A-^Laj S^ls ^_ ^LaL^= Lal^lL>.l Li ji'^' *'.5^' Cy° L - 3 ^-*-> jj^jJI jL>j 

. LJLlII oLcj inll ju£. 

2jl^j>- 4^*-jJ ^_ > iLL!] (_i_LreTLJ L^£.I^S /a^*j>J 4 1 1 uj lu S^-Lt-Lo 4_LaeJa^jJI I gH> I ■ ■■ ^ j)J^~~ '" o' - 

. (^jj^aJI J^=lAII (_LUaij diljJ iajJLlI (jljJ^ 
; (Jjj^l dll£jii^a ^ (jl jia.VI *— SjC- .->J ^ > aj JAaj ^gjll (_>alj*j| 

. Li!j^>Jkl («-^>- - 1 

. ii]j^>J,l kcj^u - Y 

. (jJL>JI 4 *j La * a f-jj - V 

. 4_lLl)j 4j vl .-^"al CjIjLlIcI - £ 
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L) ji^aJilj ^*'ljt — ^1 j>Lj^ Ujj 4JLJI JuljJI *1jfJ1 ^j-*^ 3 jj^-"' b- ; "^ tl CjL^=>>4I 4- ~ ^ 

'j""*» JU u) I SJLLag 2^13 l_J LajJ <>t.-cvJ 4_l!Li ic.j_<_u CjI j LJLc. CjL^=j^>J,I ijjub (jl I -i^-— 
£_ JlC.1 i uJ g I J j U a^-ij-v. ^jjj ^— " £_ 4 <i ifeLm^JL! 4 a, > alJLl Jjl^^*-^' <— ^J-^- A J^ir" 1 u3 I Jl-J 4 Ijia. 

ajjj^= J^lj-II *L&-^ ^^-1^-— jj^~- " 4 ua^jalll CjLcj-t^JI CjI j Sj-li^=JI <"<l^-.j^-t I £_ - Y 

tilljJ JjJ9jJL) s-'^jJI Jala. 4_lLjjlJ i al^a (j-«j-J f <i 1 nj Lj-d aJL^J^ (JLtA^/l 4-LLag »>i^J 

. SjLl^l 4 La-i 1 •■ ' Jjl^IaJ i_ 3^C. >JuJtL_uJ 

* ♦ 

: j2*J 1 2U4&U way j* : LJU 

iOJuLLo (JL^a uil Li 4 2 1 1 "" <^>£- 4r Xi' t^-^di -Jj^J-Jl > j^*-J i^t-ia- j_iI/l_La j_lC (jJL>JI ~ ^ 



t \ 






>liY\Y 
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3ljb'VI ii>£ J^IJU * I^Ail 3jIjI 3>b 

. JaJi tJaJI iLo! a! >. >•*■ i aJI Jaj i"i ^Lul stj*Jt ' j " •■"^— ■ ) 
■ ( ( i A ) J^~* '"' <-'**■ ml I (_£j L^ta rn J o LaJ ) 
: »jul a) 4_usljj a^=jj>- - ^ 
. A 2 1 1 •■ a <i^^c aI Jiir" i iiu clUjij ^j ".'^~* ** ' J.' '^ '■"J '"' c ^-"l *'3t"^ 4 ' ' •■"^— > ' 

. *1_J-A 4-lL>. - < ! 




(_ i -a- i nt I Jaj m «.1_<jI «.l_a^U <Lu IjJ-S *J^j Lr^- UJ ''"** 



(_£jLsta <no uaj JlJ-^ 3 ^ ) (J^ 3 ^ 



it 
















( MAN ) 0^=^ d*j± - I 



. <Lalj.i iJjJlJ 4 La i •■ i * a A^J-C. - ^ 
. -SjLLs (j ".'^~~' a <-— * 1 3 4 la ' •■ ' * a i— S^C. - Y 

(j-se i"itl (j-« 4_«lj.} CjI j 4 La ■ •■ ■ * a i_ Sj-C. ~ V 



if 
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: (jr\ a i uJ3 Jl jjl^^*-^' <— ^J-^- p * " Sj ijj-9 <Lualj.i i^=j_>. (jyic Ji j uaaei! 
( W ) J^ ill 3!>^^' ^j-^- o^.^*- (O-:? 13 - <j-° ^ * ijl ^° * l£^ 4 ^ s ^ > - rjLA^J iXh'- 5 I a ftJ*vl fLLaJS 
L&lS (J uaj 4j_j^ 4_« I j J LiUj ^y£. I i'i*^ Jj-L*Ju i_3j_*-I j_a-a j-iC JaJI uaJI Jaj i"i s.Lul s-'vJ' (J^i»0 «jj^~~ 'JJ 

. 4_uL\!l '£.j1aY0 - J J dljjj! Zc-j-uj 
. ju ^ Y * (JI A * (j-u t-jI^j.) Li i i ii < ^^ aie La i La » i ia ) < ■*" (_£ j (_>IiLij_) Jj^jJI ^j^*-^j 

. *I_£(JI <L^=j-»- <>L>JI (j-u-aj ^_ JijJSjJI jl jj i>L->ol (Jj^=lJJ 

lj2 Jij-S^JI i>L>ol (j ■■^— ♦ j J>jJ9jJI jj-Sj*. jj^a i La I jh S I 4.ila-*] J U2&\ *l_a«JI <L^=j-»- <?L>JI jjjjJu '£— J>jJ9jJI <j-<i3»- ) 

<12j^. «.L>JLi *_jjjJ-Hj JtaJL>J I (^yic JlC 1 i ii j La-d (jiLijJI q£. I Jl-l»-> -ijJSj-H J-a-^J oli^' <UL>JI <4- *Lfc-^ 

. ( t3!>i*vl 

: (j- 1 ' aj aj /jIiLii) a Jljt" i ii <a 
. ^tj*-H Ai —~ <j~*- ^Lx-iLi I a AJl>.| 
. j-iI/LlII j-l£-$ j-uAj\\ (jJL>«JI ALLaj tJ-Li x_a-3til *'_a«J' 4^=ajj>- tfLsol (j ■<^-»^ jj>- Vlj 

• ^jjt£a 

«.l_a-JI 2jIjj>- 4^»-jJ *-3j (_yic (]>>•> i ntl <L^jJl!I (3-tC JlCI i nj^ Jj-Lt-J' ^~>J-£ *S)" iS { ~~i s ^ i 4_usljjJI i—SjJlJI ^ o I ■"■" 
(Jl t i"iVI <uio£ »>*^ (jLs ^ ■> ' " ll ^Vjj /*-* tj^*^ ^J'J^ 3 " *^0"^ S jLjVj a JaJI tiajl Jaj i"i «.Lul «d}L>. 4-iL i nil Jtlc 

• J^J 
: 4_usljjJI jl SjLi^l i_ 3j-C. <j^** J j^ysj^. ^^J.) La La-iila 



$ i 
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: j Jjl&j ux«$S 4*3>£ 

^_ s-'^fJ' (J-«3-*-i *»— -£*• ' " _J ' ' frUag jl Jl>-j fJLaj u-ll A^jJlII i LuaJ ^A-> J- 1 -*- 1 -^ O^J^*- - s 3-?"_9 • ' ** - JJ 

. iSjJiJI jl Jux JiJ^ »J ' "/^ L^j'j- 3 *- (Jj^*-^ 3 (_H»*JL>«-!I ' j"4> 
(JjJuu 4 jo frl (j^a (JJ-2-i I JLibj (Jit i"i^M 4 Hag 2^13 (JjJ-23 (Jl (_^Ji|_j Lj-d L^JLuij <l3j_iJI 2jIjj>. <L»-j.} *_jj^3j 

. 4-g.^ ( rltl j-tjtj JtlC (jJL>JI 4^-J.i 



J>u>J 



(*j',* j > 'j*! y > 




,jA- Jl W 



jJ>jL^=lJj Ct-ia^a pjj 2jLjJ £s^c. (j-UJ ( W ) J^— > ui 



is 
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■ j '^"j.' '-^b-^ *j^l ^j-^- lt^j A ) ,J^=_<i 

,jj^~~ '"' (j-»L><Jl A_ui^= (jlj 1 i aj . ^ -^ tj'jjjJI *JlJ A la j i •■ ^_ JlcLj/ La.4 *'%-^' < ^ = J J> - ^Lso' 
ita-Lca pLajj^? o'jj^' *^ bJu( 7 1 J-d-fil ' . uul\ ' Ol& ijpLi JJSj s-JljJI Jtlc <>L>o^?l I JJt, '£— ~*j 'j^— 

O ^ ) J^— > ui j-iiLJLI j-<£. (jJL>JI <_3j^.j j_iiLJLI (jJL>JI i— Sj-c. LjIj_« ^r^ 1 f-*^j <* Ikl! I I j^k - Y 




j-^=l* £>> ^Ih*-' ^^ u ) ^^ 



n 














^^^d'jJ- 5 



(jji>jl eJj 



(jljjjJI Jl*J (j ri*«.1lj (j'jj^' *^ Jl ^ C ' -Jj^jJ' (j-^>- 




^_jIiLijJI < s_9-23 p j -i ' - j -~ A-taj^a lJ 1 -^- 1 ( ' * ) J^~~* '"' 



tv 



jvtmUi ubuw ■SlJb'VI j_>c 



J_>jj uLSjjm 
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....... ..... * > 

(j-LJr i n"t clUjij 2'iljU , „VI j| Jl>-j **J_jj ^— < ]| <13jJl1I jl Jl>- (j-u I Jl>- j-lL^s ( _j^sjJL>- i-£j^ILi ~ \ 

. JU miVI SJLLag *j"'<* j i ^ Jl _£->Jj L<J-3 £ajJ<-II 
<*-^-*JI (3-tc- (j-s 'O"^* 3 (j (ij^~iJLI (_>"lj (j-* '0~?" 'r' - ?^*'^ < *- , - L > 'j O i| j^~~ , -l' j'3-'-"- a << i ' ^ J " ' 

. 3!>^^l *4>C. Jl Ji-ljiil e^l ic.j-.Ji s-iLjj Jl (_£.SJj3 
LaJtlc aj_« q\ i n q-> 1 Li]j^>iil (j'jJ-S <lc.j_u L-dJt-La __yJI^>- i^j-iJI (Ji-I JlJ 4jjjI jJI *'_9_J' 4_^=jj>- kcj-uj xi-^J 
ajliil sjls ^ uajaf Jtlc (jJL>JI /<uj I a ^-— £ LjJjJjj CjL>-jJ ( ) * ) _) LiltJI <U_lU 4 La 2 * II JjjS ^j „ ,^_ 1 1 Qa^aj 




Jij-4> £^j 3!>^' &J*- ( Y ♦ ) J ^-iMf 



£A 
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. 4ju^ i ntl Sj-iJLuaJ I d)L^= >< jJLI i_3j_*JI ^j-* 3 fj-d' ' d-** 1 '- ' ' u "j ~~ ^ 

jj^jJI *_jjjHi 4_usljjJI *lj«JI a^=jj>. aj-Sj | »i~ : i^- cr^-22 jl Jl>-Ij ' lSj jj j^Lij a Jl-jt" i u < - Y 

2 I Jl-J £ LuL2Jj ' t2uj\ • a-Ja-LLl Aj-d-i j^LfujJI Sj_il (j-"tj (jV ajl J i nil (j_« ,, '"'^J 2iJ «LkaJL>-j 

<jj-#j 2 j j ■<- 1 , 1 cjL^=j^>Jkl (jLa I Jl-J i cjL>.jjJLi Ljj>-2-> <lL)Lj (JLt-ii^l SJLLag \£& C)j^~- " ~ Y 

1 ^iiA^e-La (j I" J 1 11 (^9j (^-^ A^J aI J-Jr" 1 11) (j ^— » -1 1. 1 (j-«J JjSjJl f"J-J 4-i-ul 1 n~>- O 1 u-d i_3j_iJI 

. (j-^>JI («-1Jl23 4jjlj j_l*J aJ-c > j^— > 1 ' I 0^-» 
. <Ll£.j_l!I LgJjjJ9 pLflJj^? Ajlj^ 1 ntl J-^>-II CjL^=jjxjO £_ SjLj^I <_ S^C. a>\ JlJcHij/I * J cuJ ~ £ 

. 4_JLc uL^Liis aIjlJcIi-uI ^ fljljVI <-fljx. olj CjL^=j^>J,I 4- a_JL«J1 s j^y t?i*2 ~ ° 
: LJLlII ujL^u^U jjiLII (jJL>JI CjL^=j^ta IL. i^jlAil i-Sj-c. 

J I A^jJlII ?e-La-i-u 4->-l , u a 4 i i u < aJuj (- < 1 1 u » Jj^-lLIL) sjIj^kJI f-Vj-u^ »-iLJj ~ I 
. L^JjIjj>- {_ys \u i"i jJLJUS <L3jJlII Jj_Lc j_iC Jjl^IL^VI J7--llj-l JJJ-" ~~ <— ' 

. a^jJlII (_3-t£. ( _^L'^ : ' '-'''"' ' '-" » ' -•- 1 1 Jaj) i*ii (J^L>- (j •■ ■^~» -i U < Jl i ii II (Ji i"i 1 1 pLojjl - Y 

Sjlj^fl *J_) Jtlc dauLia 12M 4nnl 2-SLjj Jl (j^ - '■"" 4 * "'"' aJlJt" i uJ I Jl-J ajlj^fl *J_1 4-lj.t.i^i ~ V 
. Luj^J \ ^ Jl ^ ^j-« 1 J*' a J Jl L^-^ ^- <1 - 4 l -^JJ-J <_>^>L>- plj J-J i^j-iJI (<^*->- J^l"' A-La i ulj J 



M 
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J , ^.""j ( Y ^ ) (J^3 ■"' t 3!>-' :> -^' ' *A>-£- c^^- Cy 6 '•$■* (Jj / Yo (j-u *(j ^t^ T3J~ Li 'j-*-*- 1 -^ *Aj^ Cy 6 oj^~~''" 

<ClA,\ <* La-S-iJl (Jj^ 4_uj^>JI <13jJlJI ^_ J>^J9jJI ^j *~*- (<u£5 i ~t>jjjLL£> <— ij-Sj 2 JlC jl < '^" 4 La i ul aj «LJI ala ■ u »> p'j-^J 

. iOJuLLa <— 1J-53 (_£J jl Jl>-Ij ' ■^" (_£J j^Lfuj 4 La i ul aj 4-Li.t.a CjL>-j J_) LlLxJI 

(j-ulj j^yic LtaJLia L-L^u-a JjLh^^' **±* l } Ji^;* t_l j2ul I j-i£. 4j|jla_i_uVI plj-S Jl 3!>^>-^' ?H^ f LflJlJl 

. SjjJiJl Jaj i"i s-Lul (j u-l^3 ll 

Lj-d <Luj^>JI A^jJlJI ,Ji>-lj lLs » i a ! I i3j^ ^-^aJLuaJI Jaj^i (J^L>- 4-JljJa ■ "^ £_ *I_4(JI LLaJbis ~ \ 

. iajJLlI Jl *ljjjl <J^>o j-^y 

. ( i^ijjji ) sjisyi oli jl^Vl 

I lg_La (jiia^iJI (JxCj >Laj *aJ ,_£ {C jAa. (_flvlli.l Aa^jJ Aj| V] 
SjliSyi ia^£. jL^aj Lq-Lu 3!>^>-^' ^J-^- (O^*-^ '^-^ (jr^L*^ <jA>^' ^Lh^^' *^J-^ J « "'" ~ ^ 

. fl_aJVI ij^t-i '4r (3^=^= 3!>^^' ^J-^- f^*- (J*-«Su 
4ja-l i n a ^2>C M ' '^~~ > (J-5j S'iIjU , „Vlj 4_uj^>JI <Laj_iJI ^j-u Jj-isjJLI ( (J-LsJI ) ' >a2ltJI <La.l i u a - Y 

. ^'.IjU,„VI plj^j J i ->" 1 1 ajliiyi Sij^, ^jif 
4Jljia i "^1 p'j-^ 1 3!>^^' ^i^ 1 J -1 ^~~'J^ ^tH>^' iajJiJI (Ji>-I JlJ Jij^jU <jy4>>- (3!^>-l (*JJ - y 

. L^la. I JlJ ajlii^fl 4^jJLi ijl^IL^VI /<uJ La-Lu 



e . 
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: ^j^- 3! jb- 1 ijjij Jjjj Jti\ u\£jsd I £l^Ji ja*J 

: (jl i t^^-^Lj (Jj/Jl-u-uj-s pjj liJj^sJk (jr4>>- JJl?-^ 1 *"' ^J-^- ( ^ ) J^~i ill 7t_iisjJ 
. 2'iljU , „VI j_j^ta x_a A^»-jJ Y * (_>J-<J-l Lfcj^^ta (jlj 4-JI 9.1a i u2fl i_<-)L>. (_ylc O-tiisj iSj-iJI ~ ^ 
f^yua^\-i i>t.-L>iJ (j^-^~ ' ""' I* ^ ■» o « ~i Cit-cbj I -i ^— > ( s^-dJ a JlC (_£J (_>IiLifuj <Ua-ml aj ^j <L>JI /«Ib - Y 

4JI aJa-mf a< 1 jx£ ^_jJ-«3l J] '~ J Cui £ya ^_jjj>- Jjl^L>.| i_3^c CjI j (j-uJ J i <;j-a ' - ' ' ^~~'j *- " » ' i ^"^ 

. (jl L<aa. * * (Jj I j ■^-« ) 2jJiJ9 (J LaJj CjljLLaJiJIj CiLc>-l coil <J-2-LJl !^ys\^£. 2 



*W> 



^h-jJi i^. 




^>i Jl>^}fi a^ 



j_b (jjjjuu-uj^a Lilj^eja A^J-C. ( Y ^ ) J^~* '"' 
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4W 



-— -1 </*>' *3UF^-y> a> 



jJLup^= dJj^ta i^C. ( Y Y ) J^— ui 



»r 






Jjji uLSjjm 
>liY\Y 



iiftijjjiuYViiii 




: <LJlJI i— . il 1 1 ii^AJ .j>» AV / a (j I'm i (i (<^j (_$j Ai^i j>l jV" i hi o^ 3 i ' - ^ 
. (JLt-ii^n iiLic *j"'3 j « 1^^" ^J\ I j~ aj'o 4j^>L>-j iajJJI (jIjJl>. «jIj->- <*->-j-i fL^j' ~ I 

. a_uj^>JI iajJJI (JiUjij Lpj->- JjL?-^*-^ (*-y ~~ h- 1 

J>jJ9jJI i_3JlS (jyic J-»yltJ JjL?-^^ jl ifuoJl (j2 J>jJ9jJI j-tj j3 Sj>jj>J 4jq fri LlULi-ffc q u-l! ~ Y 

_< 23 jj j^Lfuj aJl-Jt" i ii < I Jl-J i <l3jJJI <ufc^3 J^— » ill j iC <LJ1 ala i u 21 ' «bujjjj Lujj>- (jj_>IL>Jkl 

. <"<l^-.j^-t I ojuk (_,|f | £_ Jl>.|j 



. jL) i * * ,JI A * (j-*-> ?-jI^I1j a , V- A-» * ^ JaaJtjLa ^ Jl^-"i i uJ - X 
. a^JLuaJI <"<l^-.j^-t I £_ 4_uj^>J| ISjJJI a|jViiiil p LifuJ _ £ 

: <- ijm.< <-dJij j_iiLi,l j^— M '~'>^— j— ^ IL. 4_ui / \ Y ^JJ /M * (^l^so -ijJ^oJI 

. /0-3t>JI (Jl 7c La i gJI 4iinl pLdJjl umiJ Jj^xllu Sjlj^sJI xjLii f-LflJjl ~ I 

. (j •■ '^— » -i U (_ Jl i nil (J-ti i"il » Juj - <_) 

ojofc ->l-S>Jj i LJLtJI STu-U 4_LaJii!l <_Jl£. <jp3jJtl J>j-o.e CjL>-jJ <j-a Aj>-jJ £ * <_JI CjL^=j^>J,I 

. icj-tjJI -SLj-ijI J-« ia-jjJI 
. aJjLJI «.l_a^- VI ^_ (jljjjJI * Ji-J a JlcI i m (JjLj/J aI JlJt" i nl ~ Y 



«r 



(icty.aiuL»4u.3ljb-VliJji jJIY\Y iiftljjJIuYVliii 




. Qui aia i ■ ■ * I (_>" J 4- J' O "J^"""* L>" J ^r - *'3r ' < *^r :> " ^\)^- C - ^ ' '"'" I*"*" 1 

.jlp-VI 

. aJLSkJI £3jj2. ^JJ S*iljU,..VI flj^ (j-o Jai <^tl ,_L_a_ii JM-3- *l^J' t^ J y ~ ^ 
. <_ ij^J «JlC jl ' ■^" (_^j j^Lfuj j-tC 3l>-' :> -^'' *\>^ Ar 2 j-LuLt-a J>jJ9jJI ^jJi^e-) - Y 

. 3!>^-^' ^J-^- lM*"'^ -JjSjJI jj^^-J ~ V 



ot 






>llY\Y 



iiftijjjiuYViiii 




: j^j .jjjil 3flj£ 

(_JI^>. ^-1-JJ (jJL^-^V *^>^ ( <s - : *- > ' (j-* 3 "J "^-* S-lulI Jt i"ilj ( YV ) J^-* ■"' (j ■■ ■ < ^-» 1 1 » «.l_a<JI 4_lL>. A^^C. f^ a i <aj 

: (jr L La (_)\aj . jj^=i <Ls^c. <4- ' ^ > ^ 10 ' ^ * 
. JaSoJI (j-a*. ■ tULjiaJ l-4ii«-lj J'-\' *$ ^1 VI *1jjJI 4_lL>- iAai oL>JI IL. -iaJSjJI J^^J - \ 

. *l_aJI 4_dj>. 4JSj2. ZjbjjS Ju£. 3|>^>-V 1^4^ ~ V 
wjljj 2jLjJ (jyic (Jjjj«_ia 2'iljtt , ,.VI JJ jjloZlII Ja^i *Jlj £- *l_a«JI ^-^ O^ 3 Jj^jJI ^^^ ~~ ^ 



Mjlt^ 




(jioj - j>^=t *^j-c. J ^ ni dr>jj ( YT ) J ^-i m. 






Jjji uLSjjm 
>liY\Y 



iiftijjjiuYViiii 




(jl VI (_)\aJ - ^j£=>\ i^j-C. (j^a ejpJL ijL?-^*-^' *^J-^ ( <S - : * J>, ^ S j i n (tL 4_lL>JI <&j-£. («-==->■ (j' ~~ ^ 
jlij I j ■ La a ^j^i^a^Ll i>L.-l>.j OjLxijj 4^=j^>JI «.JtJ ^_ a JlCI .noli {j\^r i »" 4 tm"i Jij^>-j ~ V 




j>^=1 ia^c. qjjj ( Y£ ) J ^-iMt 



el 






Jjji uLSjjm 
>liY\Y 



iiftijjjiuYViiii 




. «.I^-Jlj 4_lL>- (0-5=^>- j-t-i^ji i. . I . n t j_i!uLlII .j %-^.tl i_3>C. «.!.} 2 <_)jLiLa A^jJlII tfjub «.l j| - Y 



*y»**JL -^H# 



tijiiU^ 




j_La^= udj^J, 3Lh^' ^j£- ( Yo ) J^=u 



«V 






Jjji uLSjjm 
>liY\Y 



iiftijjjiuYViiii 




t( MAN )djM2i>£ 

: ^yL La LgJ Jaa.>Lj i (MAN) f^j (j-a *lj_<k aJL>. isjji ( Yl ) J^=lAJI j>Uj 
LiTmi C)L«La-^> A I JlJt" i ill /y3 ^j^— » 1 ' Ld-d 2'<ljU , „VI *_a Lui^l ^l^jjl 4_lL>- <13^C Cit-ooJ ~ ^ 

. Ajlj^ i ntl CjL^=j^>Jkl ^_ 4 'j I La a sj-J^ (jr^J "J '.'^~* 
. ( J^— ijJI 4_LLj^ita ) j^aJ ^ujfc (jr Lc 3!>^>-^' ^J-^- J^~- '"■■ ~ V 

<L*_uJ a'.ljU ,„Vlj Jj|^l>.V| 4J£j£. ^J\ ^-lJ-53 AjMj J^£. sjLj^M A^J-C. (j-a LuiSl ^.l_o-JI f-SJ^-U ~ t 
(J^aL^a Jjl^jj*-! ^_ JlCI i u ) La-4 JJljjjJI daj) i*ii *l_<j| ^j u-L^a 1 1 (Jj)j-> Julj SJI aia ■ u2M («-^>- S-iujJ 

. ( MAN ) foJ *lj-4> 4_JL>- <-2>*J »-ij)>U CjL^=j^>J,I '£— (>Lsr 1 1~\ Stuni AjLsr'nnj "^ ~ 



Jljtf-^1 4*/ 




\W//m^m 



m 






tijiu^ 




(MAN) £ji (> udj^a 4^ji: ( Yl ) J^-,,t,tl u^j 



«A 



(icty.aiuL»4u.3ijb-viiJji jjir\Y 2uftijjjiuY5riiii 




oL^=>j-ll 14- L^«l jjti^ La«J^ oL^=jjaiA ^i<3j ( Lanova ) La«JV iSLWi 4_jl>. isjx. ^r*^^ 

: ^Jb Ls ( YV ) J^ Mi SILLaJ! 4_lL>. CjI J 3!>^^l l -^HH 1 'k^Njj < ^j^JI 3!>^^' '-^j-^-J 

ZA * J! A ^ * ^jja I q ft -*■•*- *-Luj AJsLlaJI 4_tL>- 4-3j^. (_y a i n"j ^jIiLfujJI 4 j~^lj a ^_ 3j_l*_i^3 Jj ^ I ~~ I 

. *l_a«JI ^t4^" ^j-^- l? q ' "~J i~~- j '^"* i 4_uL\JI ~~ <_i 

. Lljj_2j jLj 1 £ * j jLi 1 * * ^j-u r-jl^pj i Laj Lta I i 'j^~ j_gj ^jli Lfuj j_tc .iaJ3_aJl (j ^~*-J ~~ V 

i Uj i i >, 1 1 *l_a«J! ji^.1 nij ) j^ajJLl ji^JajJI (j-a /"l* 4 u n Li AJaLLaJ! 4_tL>. ia^c. J! j_*^j (J-^-Jy ~~ £ 

. ( ilLLaJI 4_iL>. ia^i. Ji.|j J! Ji^jJI J-a^- (jy lc lLU .>.*<VI Joa-Ju 4jL#J (Jrh 1 ^ 

Ijljj ) . A^LLaJI 4_tL>. ia^i. Ji-j^j (jiLijJI (j^ Jj^pjv^?! ia^i. I2_ j>_aijJI Jj^p^l Ijljj - o 

.( JlJ^jjJI flLt-a (_£jljt/3 ^j£. 4 ^U il I ajL& Jl*_! 4_^_u_! *'_ajj' 2j!j^>- 4j>-jJ pLdJj! i.innl LL& JjI^ILvaI 

. Lgj j "* x I jj Jai <IaJl x_a3j_jj 4^1 utl 4_tL>- 4-3j_c. (J^-l J J J (3|yL>- 2 1 JiILaj _ *\ 
4_A_aA!L! J_a^-_ail *_aj-L!! J-iLala ,3[pjvV! i^c. J! i^UaJ! 4_iL>. ia^i. ^a (Jl^ls-^l ^3l_aJ j-^Juj _ V 

. (Jl^p^- a! <L3j^. (J^-!j (j ' >l <^>" a t ^_i4iL><_i! ^_J !jL>- 4_JL£. 4X.^ i n I ^jIjjJlJ j^O-a'j^ Ji ra '"^ '"'* 
. 4£lj^>.L! (J-ijae-tl! 1 J j£p->J,l J-i£- Ji_a^_aJ! ^-JJ^J JJ L$^fc *J^1 l3^*" Lt"^ u^-^'j^' (jLjLa (J-aJ>3 _ A 
Ijlttl 4"hU ila2lll Jljlj ^)-; <;: — U Jj3-^ 4MjU,„VIj p!j-iJ! (»-»>• j-i^lIj SjlijV! oiXyi ^^fLi ~ ^ 

^j!_aJ LjL^j ^-2^4^ j*<IjU,..VI p!j^ J! i^LLaJ! 4_JL>. iaj^. j^£. *l_ajjl 4_JL>. iaj^. ^a fl_»jJI j-^J^y 

. Ji_ai_aJ! (Jjj ^^j" La JjjL*. >La^=ua j*<IjU,..VI p!j^ J! A^LUJI 4_tL>- iajJu (J^pjvV! 
i.nini I o^~» La«J^L>- (3|^!L>.2<I ^Lj!_a-!j *'_^P^ ic^jji inini iaLLaJlj *'_a«J' <j^L>- 4_&^a ^u^> ~ 1 * 

. I 1 j 'J ' *Jj aliJI 3 Jua 



e^ 












^J* j* *=-^j iil>»-J 4*> 




1 



* i>ji» v--Jj Ji j^-j iijf 




i_-_jjr! jij^^i a/ 



AJsLLaJI aJL>. iaj^. c>uj ( YV ) J^ 1 — -■ 



1,500 ps. - 



1.700 rpm 



tfttJl jJU- Ikf 




?0d*q 



( YA) J^i 

JjJ3j_tl S J t f '-''jjj LLaJLuail (—iLuJI ^^ylre-LU (j^ -1 



1. 



(icty.aiuL»4u.3ijb-viiJji jjir\Y 2uftijjjiuY5riiii 




*l_4-4> ijja sj^v -So^jJ LlUjij ilLlaJI 4-iL>- £- <*-^L>*J tlai-iii]! £- pjj tntl f-L^Jj^l <j-a JlJ»JI - ^ 
Ju£. 4-LJ 2jl-iJ Jl i£-ijj 1-4-a ljJ»-Lls S*<ljU,..VI £_ 2jlii^| CjjJlj»Jj aJL>JI <Ji»-l.} 4-be-<iJI 

SjLi^l UlluiJ AJsLLaJI 4_tL>- i_3j_i-l <U^sL>.j JljIjJI *I^U AJLxiis LmiJ *\ J^r~ i nl ^j^-— i ' ~ Y 

. jLi 1 £ * Jl jLi i * * ^j_« ^j'-- *->■ * a (j-i>- JaJLis a I Jl^t" i »l - X 

J|j_*J Sjlj^l «. JlJ Jtlc udj^so i _j^3L>. ALaj-i5 AJsLLaJI A_JL>- i_ Sj-C. '**" a-La L<aJ ^Jaji ' ^- J^>-J-> ~ 
i_l!j^>J,l (j'jJ-> *JlJJ . ul» i^» iVI 4 it ,<\ p-£j (jr^ 1 J*" ' _<1 - 4 (_>^J^>JI («-5t>- ^^-i (]>C. *'_a«J' 4_ii>. 



\\ 






Jjji uLSjjm 
>liY\Y 



iiftijjjiuYViiii 




: ( Y^)J^=ui 
i. . ( . ..I .u^l-^-tl ^j^ijLso j»J^ ^j ^» 'j «"' I (J aL^aJI (JjwJI Jtlc Z £ * (Jl J LaJ JljIjJI *'_£«J' <-mJ ~ <_) 




<xljj jj^j ( A^jjia ) 4.kjouia J3I jU AijC- ( Y<V ) J^=uS, 



iy 



(icty.aiuL»4u.3ljb-VliJji jJIY\Y iiftljjJIuYVliii 




: (_ . 1 1 n i Jui^jIiJI ^_ > aaJI /psl ajol ~ I 
. SjjjJI 2jIjj>- CjL>-jJ (_p3LL>jl .^ 

. I j 17"- (Jj 3l>-' :> -^' ' *^>^ r- • " 4 ' '•" ' (j^ 3 * **-*'' -V 

AJbals Cjl^ILaJ (J-a.^3 <_y^' \) i-i^aJl CjL^=j^>J,I ^_ i_3jJl!I ^j^a fa-til I J-4> aI JlJt" i ul J iia^ ) ~ r- 

. *I^-JI 4^3JJ>- aI Jl*-)Z iOJuLLa < S^JlJ jj (_>IlLfuJ A Jl^t" I II ) - 1 

■La. I 1 n a jj^a Ju>JI JJ i_£-S|-i 1-4-4 jJLH^'*^' ' ^J-*^ ' ' "j" a j-^RJ-" 4r- >j *"*" (_h"'-^"J ' , ^~~'J ' ~ V 

: .J J (_£j|j 4 » ajj a (J-Sj*. LLaaJLis - V 

. Air iMI (jljjJlI ^^ ^J^ ~ ^ 
. (jJL>JI 4 •*■ 1 >■ t JJ9I (jy iil^Ial j-aX. "" <— 1 
. (__>IiLij_JI oj-fx (_)^=G (JJ9I CjjJl>- Jtlc j^LfujJI ^j^a LLa-LaJj CjjJl>- (JLa^>-l ~ r- 
(_£J -ij-Sj aI jLJtL-uV lSA5£ ^- a - 4 (Jb-uiVI 4-Llag ~1)~' a J ' ua2ul SJlC.1 1 11 a aJLu-uJ <ul -Sa^-J »Ji£. "~ 1 

. x_oj)_a jjlILujj j<v3 j 



mt 















<L«lo OJ^ 1 "* ' " ' * a 3 !>**■' *— ^J-*^ a Al"-»^ r-jLjj 



1* 





















19 



(icty.aiuL»4u.3ljb-VliJji jJ1Y>Y iiftljjJIuYVliii 




I (j^_klll (jx <LaljJ dilj ( Ajj^)£ ) 4 JajooLa i-^jC- -V 
(jr Lc (. i -a- i ntl (_^jL»ja pjo i^i"< (Jj^Is <j£. ( A-uslj-i <L^=j_»- ) *l_a«JI *J^1 (jr^ 1 J J ' ^ *> ^ (<^ <— 2j-*-tl <>Jui> 4r- 

. ( ^ 1 ) J^-i mi IL. (jrJ-J-a J-4 La^=> ^ jjJL*. J^-i mi 

j| ( T ) ) J^— » ■"■ £ (_£j)j^= «Li-ilu J^— » ■"■ (_yic (J ".'^~~' . (j-ulj-> L-dJO->iJ (J-Q-t-1 4_ualjjJI 4^=j^>JI o -iLjj ^j^— » 1 'J 

. (TY) J^=_i 

tiji. jjalaj] Jjjuitl CjJl^s (TO J^a-i 3!>^' ^J-^ ( MAN ) ^=j_j/ Cjj^sjjI a^ 'Vol aLc 
La-a 4-usljjJI *l_aJI 1^sjj>- *_a La^ljILa ijT Jj ^~ l ^ (J^ 3 "'^ L^*"'- 5 -^>^l j S^. oL>JI jLll>-I IL. Sj^=uiJI 

. ju WO JajLtJaja rtwa* , £ I o j La J ^— > j La a o^-j-5j m£J (_>IiLfuj_) ^j **-" . \ 
4-uliiJI i^-J-^ 3 ^ * * ^-J '•".' lSLh^^' *^J-^ 4r JJ^ L^ 1 -^' *L&-^ (j^^l JjSftJI jljj (j-a /0 .Ul".-^ .Y 
/— fl^aj (j^J ( 4_u_ajJL>JI >. ise i ntl (_£jl^ta J^— i ■"■ ^j-* 3 U'JJ^' *^R>*"_9 ^-^ mil ^l^tJI ' ■ ' •■"^— > ' ) 

: 4-uliiJl aJLs-jJ,! 

I Jl-J i <&\jZl>-\ /<u OjJk-lI (j-a JlJ "^j \£jj ^~ i 1 1 JjLh^*-^' ^J-^- T ' " (jr^ 1 J "■ "' 'J (jj ajJll J>jJ9oJI 4_lSj .Y 
( _ ;r Ll 3!>^>-VI Jjut-« ' a^fpJ "^ ij i (Jja! SJL>»jJLl (j-a Jjlal LjSj ^LP^^ Luliltl 4jL>-jJ,l 3j *" ' "" 

jl Jl^SO (J I ^l"l I t, I -ij^jJI SjJkJ^/ LusljjJI *I_4jJI 4^=J^>- 7T MI^-> (JjULA (^yic ,Jj Jj^jit (jl'lj Mltl (C^J 

. iajJiJI 

. (JI"m ' ntl fi^J (]>C. j lalll ' ^J'-^' Jj^jJI ^j^a f-jj (_£l aI JlJt" i ul . \ 
. { £j^* % $\ i-fl>iJI (>« J^l Jj^J tiJ^L^L^I .Y 



in 











(in ) j^i 

MAN udj^a Jlp^l A^ji: 




(TY) J^~i 






tv 







>llY\Y 



iiftijjjiuYViiii 



; £u? ^ J^jJJI uLSjiftt 3lib-l <j>c £l^Jl ^o 4JjUU JjJb- 



/^^rfcl* 






3t>*"VI A*3jAJJ>« 


3lib-Vl^j2^J 






4J2j_C. JiJj-l 




( 4_usljJ )4laljJ 














4J2j_C. <JiJj-> 
















4 i "jlj-II 


4 I n nj-JI 








4J2^C.J 4 i inlj-II 


4_lL>-j 4 i inljJI 
















4 mijIjJI 3!>^>-^' 


4J2jji JiJj-> 

4 I n lljJI 


( 4 ( n J 1J 


( 4 a» j" a a ) 











1A 






>liY\Y 



iiftijjjiuYViiii 




4 2 i i all 4J2jJlII jl ( Jjl^L^-^l 4j2j^. (_L>-I J-IJ (_>IiLijJI jljjso ( < ^— > j J (j - *-^ - ' "" CjI * q i*ii < 4 1 1 ^-"" ^^ 'J J^~* 
dJj^sJkl i_dJ9jj Jtlc j] JjLjJ! (jjiiLaJI Cj^?L>. £- o'jJ^' *^t Jl ^ £ ' ^4> :>, -''•' 2 JlcLjJ, Lgla. I JlJ *I_o<JI (j-lit^oll 




Jl^jV^JI jl jj (j-oA^lj C.-L>iJ j^LijJI jj^O <_)J_2jLj (j-LJr ) n"tl 4 t Qi"l X-L&J Cf^ ( ^^ ) J^"""* '"' 

Cjlt <ii"i (Jjo-ajj ?-l"iia (J-ti )*i"n J^jl i ntl aj-2j ( Ji^jLiJI ^j uJLLaJl sLul jl jJ=3LlII y-l ■ i^aJl ^_ i_dj^>Jkl 2jl jl <_}jj2 

p J -1 U3J (- r ( n~>- tllljlj < 4_UU*\ * J 4iju £ * (j"*- 1 (jt-ir ' ""II 4_J -1 g J p"l ( rl^J ( SjLuitl 4_»-jJj 2jl^>.jil (jl-jr I n"tl 

. LuJl>- ^-jLij^^s OJ3|-4-> jl ( LojjJS Jpl i ntl 4 La ■ ulaj Lai J < -^ si" a i <U_iL)^J=iJI S^jl jJI ^ 1 U i 



. ( T t ) J^— » ui i 4_u-uJaj2 tJ-LJr i nl pj ai"i 

, (Ti ) J^~* '"' ' ■ d - ;^~~'' * " (j^ r ' "" f'j)4 i ~' 

( TO ) J^—* '"* i ( <- <-se i ntl ^jL^ta ^_ ' i ^— >j J ) (j-LJr i n" i aJ a 

. ( X A ) J^~* '"' ' ( - r t iJ CjI j ^-ifc^aJ 4<m*i 



Y 

r 

t 



n* 






Jjji uLSjjm 



iiftijjjiuYViiii 




: JlLa Li (. 1 1 uLiXI O-Jj-iilL) Jl^j>JI 4.a_L3j Qt-Jr i »"1I Cil t o ."i j_j_uill I ^jJLg i_ 3jLtTLa jj-«J ^>-J^ : 4-lase.La 



2U*jttl 


>yi 


O^Hpl jb-^ 1 


w 


2 ijlj -^11 2 ^ ,^tl 


145 


ILaaLlil 


(R) 


(^■^fc^jTjL^la 


T 


f- jiil j-J-4-a JJlC 


V 



(_>u_aJ A^ajLa (j-LJe^_uJ 4 t o i"i I 4_L>-^LLaj-i5 1 j_J-aj 
: lLU j Tciisjj j^LlII (JjJu>JIj j_£jj>. 2I ^j^- (j~LJr i uJ 4 t qi"i (J^= J _ J 4-ajLo.aj Jl$j>- ' ^"'~-.; ' o ^~* 



JyuajUl 


( q )?ujum 


( W )3)Jftl 


( A )juai 


( V)i**N 


A**iJlj3J 


4_jjalj_a 


«,<Yo 
\*Yo 


V- £0 


£^ 
£V 

£< 
£Y 


•A 
VY 
U 


4 I i I />i<* 4 * ^," 




tx 


n»- )*> 





YY 


1 4 l^—i 1 , ,. 4 * ^," 


t^jljUl ,Je. 

iojal >-a 
((jLu ^-1 j <^i a) 


VY1 
i,A 


u>- n< 





\Y 

Y£ 


Y4 1^—1 1 , ,1 4 * ^," 





ti-tl^u d-l',1 ,, jj<^-:« 


r ,-»- , „tl (_5jt-»-^ -^ ' ' <: ~ , J ' (J^i l M 3 (j- 1 *■ • "*'l ' '•I a 1 a 


Jxiajdhll 


(Q >A«jiiii 


( W )3>£ll 


( A )jLull 


( V)d#ll 


Aw^JIJ^J 


(. >**■ < fill (_£jL^-4-l 


•,VV \Y1 


ia«- rv 


OV- YY 


\Y 


(j-lir r 11" 11 r aJ a 













'^1 ttl v Ustl - Y 

^LiJI i—ij 1 1"\ x-jX - 1 ^~~* a. I 4_lL>- - £ 
. (J _aj_ta (j - ^ ' ""< i— aJLa - 

( ( I LtaJI a j i iL^all <LajLiLa ajLa ^j^a « * . -~. *i ) 

. e^-jUJI v Ust l - V 



'J L 




*S- *£ ^ 







* J^~ » I ' "_J ^^ V '""* (j^-a- ) Uj frj Ql"l ( X t ) y J i ~~' '"' 



v> 











tj-LJr ) n'ltl cJlLa (j"UJ ( TO ) (J^= ■"■ 




RATEO VOLTAGE: 5.3 tf IN iz-V SYSTEM 




3 SEC TYPE (HM ZL-T ENGINE) 
RATED VOLTAGE: « V IN U-V SYSTEM 




J^ 



5 SEC. TYPE (FOR it ENGINE) 
RATED VOLTAGE: 6 V IN H-V SYSTFM 






tJ-LJr i n"itl CjI t qi"i f'j-il (j-« 4 Al"-»^ r-jLjj crl-J-i ( V"\ ) J^— » ■"■ 



vr 






Jjji uLSjjm 
>liY\Y 



iiftijjjiuYViiii 




. ( TV ) J^i ^jljUl ^ J,^ .Y 






J^ 51 f^" * MHl 



: 



■ I(J I 



if 3 



r 9 m 

® ® 



ju r I--*-' 



' j»* 






*#Jtl ,JiiJ 



r 



I 



l_£jljjj| (_yic 4jL^3j^a tJ-^-J'' ' "" II CjI » qi"i sj-j'-s dr^-i ( YV ) (_>^=-< 



vr 






Jjji uLSjjm 
>liY\Y 



iiftijjjiuYViiii 



dj^tl J^lJj^uoJIuUtu $*»>« 




J^V 1 .^ U"* 5 "- l^JjJ" 



i^*^ *»fct" 



O^ 




j-ii'Li_fl j j > Ji>. Ljjj."%n 



(j-LJr i n" 1 1 CjI * oi"i x-iis^a <j-UJ ( T A ) J^~* ■ 



Vi 






Jjji uLSjjm 
>liY\Y 



iiftijjjiuYViiii 




*j-»- (j~— *• ' "" ' j*J S3 ^_jjJ' ' ■ j'M <_ili «_AjHJI 4 t oi"i L^-La (j'jjjJi s-J— J Li!j_>Jkl <_il Jl— 1 i n a ^j-a j-p-<3 (jjj-* 3 —J— -A 
(jljjjJI «.JlJ Jtlc Jjl^^—*-^' *^J^i Ai^J-^ <3!>-~*"' 4-Cj__i £_ a JlC L__aJL! <— ijj Jl 4JLjj>oj J>j_jJI ^j^a L—U ■ uJ 

. (■ LSC I II 1 1 (_£jl__4-l ' < ^— >) " J 

. ( r<\ ) j^-i.t, ( sjji.^ti _jl_=j_u! a. g^ii i jut ^ j__l_u ) 

. fyS-La — V . JijJSjJI ,_)i>. Jua — Y . J>jJ9jJI (j^LuLa — \ 

. 4 t n i*iill p i n~>- — A . i_Ll>. 4 — L> — . Cxj-lUJI ^jl i i u| — £ 

. 1_c4.ll I ij_>- — ^ . 5j_bj_!l i_tj_ — a — A . j-iA-lIII 4_j— : — V 




^ 1 



5 6 



piww^' 



7 8 9 

(Y"\) J_=__. 






4 t qi"i 4_a jJLa ^_ < 'j — i ' I j-l£- «• 13J — ' — — — *«ja j Lio J I (J^3_uJ tJ-LJr 1 — Ll I 1 ■ T ^— — 3 (J_^>- f- j_3-^J '-H^— *** ' [^ J *1 ' '" > "' 

Jl J_jJL>JI r-j_e_iJ 4j^la 4j>.jJ ^ * * * (j_a (jyl— I JJ 4___UI <>j_t> £_ «jIj_kJI Jj—UJ (. i(jltl CjI j 5j_fcj_!l 

,J___!aJ /o— >1 ( n J La-a |3!>-— *-^' ^J-^- J! S- - k ''-^' *L&-^ (j-___u £_ Jl— 1 I II j <_*-J <J_=__i (jyic. l__— 1 11 tl (_£j_5=ja 

4 t uni Jl J>jJ9jJI (J^io <4- p ^~- **""j_3 ' ijljj— ^ *^ ^Li— 3!>— *-^' L -^J-^ (J*»lj 4-___JI |3l>— *■' «f: J '.'^"" 



V« 













: u^UlulJgLA^UI Amu J#tf jp AdJjJa 




(- ISC ( rl tl (_£jLx-4-l I eg' II Cj|i TC-jk^rJ! 4 t Ql"l fUUS^ 



.^ji\- s 



. (Jjt (*i"itl ?-l"nia ~ Y 

. 4 « o ("ill Jjt i"i" y-\~oci - X 

tJ-LJr i ("it I OJ9^J p^-»-»"I I o Jl>- J - £ 

. > J7~^ p la La ~ 

. 4 t o ("it I (J o^ ^LljJ y-l ijuax - "I 

■ <—L^i!l CjI J 4*«qMi- V 

. lLJS^? »Ulu- A 




(_^itl CjI J (2yusr i ("itl i<(ini (Jjj-ajlJ 4_ul_ij^^=JI ajjl jJI Cy^-g ( £ * ) J^— > ■ 



Vt 




*i*3* 



-uj^l S ^l-i" 



■cvinl[) lliii)Tillr].cvicill pilnill nnlnllniiiiiiqQll 




JftjJUlSj** 



<_J 



L^=j^>JLI AiaJ 



*3 









' - - j" ' U 'J *J^ (jr^- < *J|> j 2LjJ -- i ■<^-»tl 4 _ y lta fj-ui <-1UJl^=j a.}L*JI ?r'j^>-Jj *'^tJ' cl^* - ^ j*' Tj-^ 

. UAlbeW «L2jJaj 4j_uJI CjjJjj Jij^jJI 
L$j|jj>.|j Jj^jjJI aLlsj jjljj (J-4-C 4JLjJa (<s-^3j «LcIjjIj Jj^jjJI aLlsj 4_iLlI3JJ ^Lksj (_ylc- i— 3j-tlll 

. LgLq-g 'lSj^Ioj L^ajUaaa CujjJlII ^ 1 Um (JLc i— 3j_*j]I 
fj-ujj i JjJSjJI 4-)Jl*j SjjI J dllja^a ^ (<wklj Ji^jJI 4_iJl*j a Lla.Il 4 a Li -»■ 1 1 JjjJaJI ?-j_iluj tt—ll^jj 

. A^Ltll 7TJ)J^>-J *L^' (Jj^- 5 (^Ll^- 1 (jr^ 1 '— ^h*^' 
. 4j_uJI <L*_i^j JjJSjJI i ' t^ j" i "lj 2jjJ9 (jyic 4jIj_<jGj ?c i ■■^— tl ^ylc i_3jjlLJI 

. (_L«-*Jl 4_2j^l3j i—ajLlijJIj pljjVI i>t.-L>. £ys CxjjJjJI ALlaj «.ljj>.| (JLc i_3j_*jJI 
£yi *j^>- J^""*^ '**" fljLal aJ ,19 4 A^U»jtl <^--^>- ^j^a ■>> lalll I Job CjU_a^=3ua (<uklj 4jJl*IlII ALksJ (jjj-^ 3 <13jjl>j 

. altalll I juk *lj-a-l 

. /^0 4 j < n'n ajl Jl^>JI <>jui> (jLajj (_j)\ u-SjJuJJ J L<aJ (jl 

. a^l^ u : ujjdlllgSjItliaSjl! 



vv 









jaaA2?l 




<UJtA4 



j_ic «Gl^_uG_a •- i "^— » II (—Lt-flj i AjLdl 7T_5J^>-_J *'^tJ' cX^-* - -^ fkUaj Tc-jjLa aja Tj-Z* (*J-l i_3^-uj 2 Jl>^oJI tfjufc ^_ 

. JljjjJI CjL^sjjxjo £_ 4 rtl'AeJH MJSj-Lsj (jl i gj^l a 4-^u-JI i^t-ua CjjJjj Jjj9jJI tiJ}l^L-ul ajJJ9 

4_uj/l_La ,jj^~~ '"' (jL> tiJj^sJkl 2jIjj>- 4_»-j.} (_ylc- 4 la^l -»• q U 4"m<i ihV LiUjlJ Jl£j_*HJ I ALlij Tt-uisjJJ 7~J-uj lLUJl^=J 

. 4-allie 1 1 (Jjt (""ill i_3_ajJi f-i^>- ^_ 

; £y\£.jj ^\ Juj_uJI AUaJ p'"^ h 

(_ylc fj-> (_>^= 0-"J^ l— flaj-uj ( j_<IuLlII j_i£. Jj_j_l1IIj j_iI/1_lII Jj_j_l1II ) «.m_l J*>J-£ ALii-IJ s.l^jjl_) ^J-^ ALlij 

. a! kill] I Jui> ^_ *j^>- <_>^= ** ^J _JL3 ^'j-^^' < --"t!- > " O-" L." *' Ia-UI ^jjjuii y-j i"i <j «Jl>- 

J^a 4 fl-Ja a a a Lta-Lj I I Jufc Cju^^aua i a i ^JJ Ct-UJJlii aj-il J ^j-a N j i ■— 2 I , I Tt-uis^jj Tj-'-" f*' i ' " «Jl>-_jJ| tfjufc ^-_J 



4_iLlI3JJ iLkilll I Jl4i ' ** ' ' *' j ^~~* a (<ui>lj < J>_aJ9jJI 4jJl*j a UaJj 4 ii I" he t, I Jjjj laJI r-j_il/j Tt-uisjJ lLUJl^=j 

. -i^9jJI 4-ijJij aLLsj «.ljj>.| jj^a *j^>- (_>^= '**" a L<al a ^j 



VA 






JjjJLtl uLSjJw 



jaaA2?l 




_}L*_J 4-3-1 1 i nil SjjjJI jj^. 4_uLlLII CjljLiJI i j.a a\\* U . ,,Vl i ajJaJuJ (^LiTjl dJ^>J.I A_ 9c i ti^aJI *'j-A> (^J-^-l 

2^12 (j| I -i ^-— > ( ^j-a- t"ill (j-uiselLl j > I Jaj i"ij -»• i ..^— < II Jj^ - *-"' ^^yCLijJI liJ^jsJkl ^_ 4 I a ^-»l ) Jaj; i*ii a Jl^-"i i nj^a 

CjIjUJI Jj_L J^ 1 — uj (jj£ I JJ £ ~ ■■■^— II lAJi^s > ^— j" aJiUJIj j^>JI CjLaU-i-a (>u Tula] I IL. c_^=>j^l!l 

^_ C^jJ9_ojJI (jyJLiJ 4jL»-lj_a ^j^a i_lUj •- i *ajjj ( f-jj (_£l {_ya A-lo£. (jr C.L)jJI tiJj^sJkl £- ^ysr igJI ioLclj 



INTAKE r Top ^ d r , EXHAUST 
VALVEv- ert '.~L-' VALVE 
OPENS \I° J£Lr CLOSES 



INTAKE 
VALVE 
CLOSES 




EXHAUST 
N VALVE 
OPENS 



<i0 



Bottom Deod Center (BDC) 



4J| (JA-uj LaJiic lLUJ •»■ i^ajja (j a j i a -•- 1 1 «L>-j (_r^- L *°IJ u»Vl '^H^o i~s\^~ <j ->.t I ^_ -»■ ■ ..^-» tl 4 1^-. ,", ^ 1 S »","j 

j-Lt-L^ (_£Jua ^_ (_-2-<Jl s.l_a<JL) I j*~- ■"■ -iLtJ-J aJulII CjIjLc. (j^a l_£j La_4 4_JL^= S'iIjU , „Vl ^ajJLuo aJ^LII ^j^a 

AjLtll 7T^>>- (jr^J 4jl»LlL« '**' LJ aX O^LJ (JJ ?c 1 ti^aJI 2^13 p^ 1 ilSj I **^-» a >a t cLl r-a a 1 nt,l OJSjJI ^j-a Muni 

Jaj i"i 'i-)L^J 2— jj-u Ll£==»_U /JLa-i oJl AlLxJLI 4 LaJLLjl <_ )^J9 dl L JLa-tJ I <?Ju& jojj (j| (_o.Jj £ ^j^r t"itl 3 jix.1 J -- 1 a^aJI a 

A_ A-aJiir") nU 2j_J,l jJLnj (_y]LjJL)j ( ^j ,,1 1*^—1 II <Lc.j_ijj <- 1 U 1 1 JlIc (_£l ( lLs! » <^mVI daj i"i 4-ll JtJj .ijLal'JI 

. -> ...^— tl 4-iiaX, IL. 43l j ^,,1 j^—tl A |jJeTLml ^Aj JaljjiVI ^yiLljJI tl!j^>J,l 



VH 



2£)li)l3Jb>}l 



JjjJLt! uLSjJM 



jaaA2?l 




. 2-SJusJkl «Glj_La_a I Jlj^o J^-— Jj 

r-jL>JI (Jl CjljLiJI jt-SJaJ S'iIjU. , „VI (J^L>- M^Livlo *'^«J' «Ll>-jj <Ih do>j CjuI^jJI < o i ^-"j i <JLLa-dl ^j^a 

jl i ( oLiala ,-,1 ,„1 ,^_ ) njjA,,,^— \ tiJj^ta IL. J^>j LaJla aJLLlaJI £y» ^jJUJI i_3jlaJI IL. CjLcjS J^L>- 

r-jlita (jicj T 6 -*^ Ct-L^jJ /<UJ (jl JljJlIc ^j^— i 'J j" i rn aj)j_i i_l!j^ta ^_ Juso LaJILa ,».iL*JI ALa-i^a 4^tl2 (JM->- 

CjljLiJ LLdaj LoLj I se ■ ■■^-» dJsjJI (j-oAj 4t- (J * **""'J >_^ * *L^ T : 3J m ^' - " O^"""* u^j '-^•■- L> ' J < a - i '-*-J' 

2'<ljU , „VI £y& ^j^— ■ /| a j jJa j_t^ = | (JLc J a ' a *- 1 1 jjfc (^yjj/Lj/ VI jLiTlcVI (j| . ti> -s. \l jj £ 2'iljU , ,.VI ( ^ a AjLtll 

(«^*-»- (JSlj *lj-<4> LLaJLLa (J^Li •- i ii£=lU 4jI a^a j ,'^~~ l (jr^ (J J ' ^ **■ ^ I J-£> (^yj-uL-uVI jLj£.VI (jl i La a» N JJ 

. ?c i ■■^— tl sljjfe r-LjJl 4r " \; S a 1 , 1 SjjJill <jlaj (-^aJ tiiljij ^j^— > i a 

(j-tj )""(!! (<UJJ £ S'iIjU , „\t t ^yiaj gJI i_3j_LaJI Jtlc (j u^ai ill Jj^jJlJI CjI Jl>-j ^_ aJulIIj *'_4jJ' CjuI^oj Jl>-jjj 

4_l>.u ^_ /— 2-cJI *'_^(J' ^■i'- 1 '^ ^- c -J- c - : ?- a ^J^-*"' J^J ' CjuI^jJI 5jj-*J jl ■ j - ;'-^*"" (^J-^-l i^JJ' ^j"' l£=JI 4 La i ul aj 

L»_u lLs ^ a a Jl>-Ij ij-^LJ ^_ jj Lt£. 3-a-^>-l I tjj*^-— '"' (jl J3->«-i ' -1^~~' < ^ 1 1 U 1 11 /yj ^jLtJI CjuI^j ic^_a->J. oLJa_d 



m 



u ^Udi jiJtll = i 



liilg 




j'r 1 




^l^i^jW-^ 



s^i^.ti.-.i^^ti-j ....^tifeiy«T( £Y ) J^=u 




A. 






JjjJLt! uLSjJM 



jaaA2?l 




( £Y ) J^— > loJI (j-U-iJ ' (_)i>-l jJI *'j-i4> al fOL*-Jl CjuI^j (_yic A-JaJj CjLaLa-ua uLl>-I < a uaJLI aJlJt" i u < JlSj 
LJ aX 4-ajLJr" i na Lt-Lqjw (j^J ' » Lai all I a /—Lai a ml) 21 a (_paj t" i nt,l (j^J ' (j "^~~ » «-ill Jj3jJlL! p'j-it 4j^Lj 
2— LgJ a-£ IJu-l 2 J £ Ajt>.j^LII <Uj_ku f-JJ-l P^ "' dlLaLa-ua (J-4-C (jl (jr c -'j- 1 J U "^"'*^' [- ' ■■*-—" C~ 
JiJ9j c ?c ...^— tl sljjfc ilaJLca <j-a Jli jjfc U S*iljU,..VI Ji^l J lLsJi tiaJI (jiaLAisol Juu ^?J <Ji».l jJI *l_aJI i-taj. 

. ^1 ji aJal Jj^JuJI '*- c -J- a - : ?- a jJaLjl! (j u^ai til 



A^ 



AaUJfiJb-jJ! 










. 4-ajLJr") nt, I (jjj-LaJI Ajfcl f^h La-L3j 

iLl^U. *> ae i a a a I Jl^t" i nl jjjsoj c ■- ■ ••^—'\ s-l^a-A Juj_aI<J s-l-iVI 4_»^j.ijJU <UJJpJI O Lie uaX\ a\ Jl^t" i nl * J i*ii t 

J^~~ ' ■"' <lLa^=Ls i_LJj_iwJLJ 4_<-3L==> <l*_<_u Li aj ll^s S.}j_iLa j -».,>> ^ ^| JlJt" , u| jj->o I o ^~* < 4JI aia i ■■' J^~~ ■ ' 

4-lali.u.U ClLae ->»tl IL. Lai t <JJ3j-U -ij-a^l <j-° 4JL>J! o jufe IL. 3 ^- i >» 1 , 1 (j-uLi^aJ 4^=j^>JI JJJJJ ,ajja ( £T) 

. ( £V ) J^— i ■"■ ,_Lu-i5jjJI p'jji (jJj-UI (j-uljJIj 4 9e ' -^ 1 , 1 (j ul '^— a <j-U 4JL-3J (jj i*in~ fCu-3 4-J1 aia 1 u| J^— 1 1 

(j"4> ( _^3j-L>JI (jl Ja a* N _' 1 i 1 ^ L^JljjjJ i_dj^>Jkl 3jJt£ jj-a aO ^l^*. 1 s \\<ft 1 n"t -- 1 il==J| <— il ae-ua^a (j) j^yill^jj 

-- 1 osaJI CjLitjii>s -ijjjj . (<4^a < T <j-u ?-jI^jj -»■ 1 ■■^— ]\ OlaJa 1 ■■' (_>"ljj p . a . (j 4r- ** * ' ^** ' .J "' '^~' 

tfjuk 4_JL>. (JLc. fli '.'^~' "^J^ 1 - 1 ** * ' a ■ *- i _ a ^ ' * a j""j 4 ^j a J L>"dJ J' O"^ l>^' (lh° 4 -*- > \J^' ' a < '^" 

. '"" ^1 1 LaJI 




4*j) aia 1 u| e Jl>-j J^— i I 4 I a~t 1 ■■ a AjJJ^j -- - ..^-» 3 ^ .>. a ( £T ) J^-» ■"■ 



AT 






JjjJLt! uLSjJM 



jaaA2?l 




2 J £ JjJj-iil (jj/ljJI j'j-la 4_ul_uJI i*il^- »j jj[| i _ r Ll ^j..l i^-i I| (JjL-uI 4_2jj_Laj •»■ i .<^-i ]| ^1 JlJt" i ill j i au 2 ) 

£ a'lljU , „VI -»■ . ..^— 4-JLq-t-l aLlSU (. i i n-a-'q <L2jj_LaJI £>Jl£J SjijjJU s-l^jJI 4_uj^= (jr^ 1 -^ q**'f Z 1 LJ t f ^j^-— 1 ' 

-- i ■<^-»tl «.ljjb 4 1 1 ii ) (j| i_3_jjJLilj £ -- i ■■^-» ]| (JjLj/j ^j-* 3 l£>*"l 4 I J i iiaJ 'tUL£Lus\ jij^~~ '"' La 2-}Ll3 tilljJ 

(JjjJa ^j^ 1 7° ' "^-* II 4 la ' "'J,' i>_j-t3jJ » jiaj ■ •■ ) z La jJkj Li!j^>Jkl «LJ| ala ■ u| (0-^>- (— fljuis ) ,*\ ,jj^~~ '"' AJftiLaJL I 

jj^a -»■ i ..^-» tl 4_2jjJ a j (_Lulj (Jji i"i"tl ->j-0-« Jalj i"i ^(1 (jyjLu i_l!j^ta ( £ £ ) J^— » uJl OVdi ■ ,_)"' L^=a-II JjLjjI 

.JjJj_La (j-ulj (3^=J Cj^LllojUi (J-a-tJ 4 I *" i ■■ a 4 I La ^*" <Loj^j -- ■ ..^— CjLjejixa (J I i^Lis 2u ^yj\ '^— ■ II (JjLujI 



1 v lj» 




■- I ■■^— > ifi'y^ -1^— ' ^J "I '^— I I| ^J A I "T ^1 Jl^t" I III ( £ £ ) J^~* • 



'£. ~ . ■■^— tl sl^aJ N JJi^~- 2JjJlC Llj-a LlI j-^jj i^vaJtl i>.|j^M oli i_uljjjj| oLa.LiiII jl j^Ijj 
£ AJj^lJI '"<! ,„l ,<^tl 2_ L>J|_Lll CjljljJLbVI (j-a 4_JL>-J Li^aLxaLuJ 4Jj.2a ^j'" £ Sj-li^slII CjL^=j^>J,I 

4_lILi LlLSj J J I j-^l~*tj r-Lcvjj £ Li^aLjuL^aLjII Lg3-}^>- -sl-sj3 ^LlJLij i dL^a ".^Vl j jJLiJI ,J2j I -i^-— 

(jl Lji-ij ■"■" ^_ A-lILc 4 )l A^-i j^i^-»"t ^jjj ual\ (j-«J sjljjJI ■-! i>.^ VI (j"t-l 4_lCj_U CjLiw3jJL>JI JJ.M J^*"-"^ 

. 4 i^-io 4 <L>.j.} ^jl (J J O-l^alil 0"_J>ij J^sLsJkl IL. ( (_^JLJI ) l5>^' JJiVi (jr^-'j-^ 

_ Ar _ 






JjjJLt! uLSjJw 



jaaA2?l 




.( io ) J^i 




^LutiJj^ta 4 ^' Al1 *'V C^bj^ 1 C^ 1 ( ^° ) J^=^ 



j| jjl j— »J1 /. 



<£-£*>,-* Jfc«»j» 



t _j»_Jl Oj-» ^£ 




»*-ui iil_,4>i 



ij" srr" lAt'y 



jjll iLJUl iW« *V* 



^^ ■^v' ^j'j* 



(_£>-^>JI jjj^jiJIj ?e-m^=JI *l_£jj 4_uljjjJI CjL>-LilII ( l~\ ) J^— ji 

_ At _ 







jl ^ ii" i n a L^jljjj (jj^aj (j| Jjjsoj £ 7t i n^-i tl * I^J l£Jj^>J,I Jjjjjjj <UJ_^=jJU SjijLLaJI 7"jlj-il a Jiir" i n" JiJ9 

:( dJljJI )&>j*Jlj*2JI 

1 ;;<^_tj ( cL£l^L>.l /*uLJ ( (jj_aJL) ) elfcJI (j-° *>rt«<^» ^ ^.° J J Ljj k*' 3\|jU .Jy) IL. (jj*— M A^-^' rlTcvj 
4_ tilljj £ jj 2 >. 1 , 1 -SjJSjJI ^j'ji LT43 '^-H^ j»Lj]I lL}11>-^I ji'^'l ciUj (j^a Jjjt *'j-* Jj Ijl of r-lTcvJ 

. 4J9l^IL>.lj J>jJ9jJI (j-aa- (j-U xJij (jP-J' ( I J ' ' "' ) "ij-Lu^a^\ Ijjlo1\ 

\-Q£\jIl>.\ ^j^— > i ' -i_aJ9j 4_La-^= fg LaJaf jl J ii<u ( (^yilLijJI jl ^Ljitll ) i_*Jj^>J,l {_yi <L>JI_LJI «jJl2JI JJltcjjj 

Jaj^u 4jI JlJ Jtlc It'iljU ...VI '£_ J^.ji.1 *l_a*JI ( SJb^a ) 4_uj^=> (jy ic ^LlILi JlcIUj (j^J ' AjLi^a-i 

LijS ,^j9 jii^=i2f r<ijU,„Vi j J jjjll *I^JI ( aJi^= ^yJLiJLj ) iali^a s^Lj i;«u-, ...| IjLs < .uu.^'.vi 

->I-SJ3 (^LlILij JSjJSaJI ,j"j;^— I ^H 3 ^ 3 JU mi I 1 "*!-, W ^jj < ^y^-jLi- uljjfc Ja^Lis SU,,.lj^ (_£av>JI *l_a~ll 

i_3_ajj/ ui!j^>iil Li4>j_)JlJ CjI Jul>3 (_£l (jl j_clj_i ^j^— > la i -- ■ ..^-»lt 4ju1 ifgJl JjjJaJI ^j^a mJ| ;>! Ji.jr"i i ul ^j^— » i 'J 

(J pJlj jOLtll CjljLc. £_ 2j>j)j_LaJtl i^LLaJI a| jLstlLidul "j ^— • a CjI ifgj l_Lib (j-aj ' <LsoLiJI SjjJiJI (j-a *j->- ' Ml^'n n" 

4JpJLa 6 JlsJj aJL^j^s Olj AjjLc. ^hLH ( J^i^ ) Jj«".'" 4r -^J^^ ^-*^~ l ^ ^LLaJI (j-a XT A (J! J.^-" 

l£1Dj ptjLdl *l^jjl JaJLLa J La ) La-ijj i 2Jl>-Ij Ajb^j-a-i «-l_a-ifc <Lla£ Ltis j^^-A <uj.^=j_a 2jjLLs <L>-j)j_a-i aj-iIi/Li^a 

t LlUJJ 4A-uJ tl!jj»jJJ aJLi^^I Lt^aaJL^a-dl «J_a^>il jljpj ' *'^' ^L*-*^ 5 (J^'- 5 J^ ^' * <J1 *-2j>IaJI 

. Jj^jil j^^jjJI i ^N j" ' • l> ^' (_>a^j x_a Li!j^>Jkl jj^a (_yicl »jJ^ (_yic (Jj "•*■*■ ^' » ^ " " 'J 

2jJt£ jljj3 ( jLj * ,X0 . jL * ,YA (j^a ) ila-4-mJ jl JlLbj (jr cl_ijJI tl!j^>J,l IL. ^jja- mi II *lj^> ilaJLLa ajLj Jtl£.j 

JaJi liaJI i La ■ ujj a JljJlIc. jl JJjj jLltll i La a ioJIj (JjLa-a tiJj^ta ^j^a AjsoLlII SjJlSJI ^jc Xo * ^Ijjso tiJj^>iil 

. jL VY . A,0 ^Jlj*. J! jL 1 . 0,T ^Jlj*. ^(lJ.^.^) JUiJ! 

JaJI LaJI i La i "j" a ' J l -a T u ju Y,A Jl 4lIiJtj»JI 4_utLijJI dll^aj jJLI ^j-^* ) A_ JljIjJI /^ae i"itl JaJLiis J uaJ9 
IL. 4-L.La ^,.4 Lj^= ( JljIjJI ) M£>-t>JI (JjbjjJI 4_Lla-tJ 4-Li-uLmVI ; j ^-— aJI III ^ Lajjj i jLi ^ A Jl JU-ill 

.( iv) J^,i,ll 



Ae 







JjjJLt! uLSjJM 



jaaA2?l 




iLiJI itlij ' 







, u-un 




(^Llj tl!j^>I ^^l-UpJI ^>»LA!I aljiielml ( £V ) J^=u 



An 






JjjJLt! uLSjJM 



jaaA2?l 




: ^LJIuljUu^iUl j^tlll 



CjljLi-l (J-iytJ 3 Jl>-Ij 4JL>.j_<u 4_Lu^jj «Jl>-Ij aJL»*j_<}J ( 4_»-j)j_« ) ^^IjjJ *'j-^> ua£ I La ^j^a ^j->-l loJI 



0> 



^ 



( _ ;r ic. ( _ y ^=L-tJL^3L-La p^-— ^" ig\ LiiLLk (j-u^da (^LlILij i ^>»l u.itl icj-tu dj^lj Jj^kJI jIj I n l^—a i_dj^>J,l 

(_^>jJi]| (Ji>-l J <U^5L>. jl^ta A— ^4dP^' O^D t ^ < - l -fcj ' J^>-'j rj T^~* 4 -^h!>-^' O^S^3 J'J^' - i J- a -*-^' TT^Jj ( <k -^ii 

Jj-a-tJI (_yic Cu-iTij j_ajLj>o ( 7-LnjJI ) JaX I LaJl 4^o-4-3t/j J i - J -"" La-La i ajlj^til ajLSJ,! ( J LaJI (j_« « 1 1 ^-"j 

JSJiVj? ■ (j a a ~- * 1 , I LLaJt-LajLl jj>- Vlj s«_a3jJLl . u» .Ml » J-aju I a AJl>.| d)L>.l all I ^j^a (jLcjj i_l!Lui>j c jljjJI 

(J^L>- *'_a«J' Jj^J^ Cy° 4< * lmLuI r I ' a a LaJ I (JjISj (_ylc dl jjuaJ I p-iL^a ( J-a.tJj d)»juail p il^-» » LJ1_l>-I ^j^-1 iaJI 

4_U3L>- aj^o-i-uLd-l (Jj-iS^aJ jl i - ' I *— •j *- ' I A^^C ^j^a 2j_iHjLl« *'_a«J' L'Tin /«jj (j| Jjj>iJ I o^~ » ( >- cSe i u 1 1 ^-u-ul^a 

■J^— j 1 1 ■■ ^j^a pa / » ^s a j^^ajJL*. i_3^Lc ^j^a ( £A ) J^— » ■"■" ^_ Tciisj^a j_4> I ^^— i *'_a«JI <L»-_aj_« i_<_)L>. j)J*~~'~^J 

ij-u-Aj jj^a L^Jt-L»> if j < i-^ a ( j-iI/U ) i_3jL>-j 'IX-L^JJ ( 4j^L>- ) (J i 2j i •■ a L^ii-I Jj Jl^-jJ 4^Loi>- a^jj^JL! 

puJ "^-f 3 *- icL^jJI D^ 1 lM*-'^ ^ ja J JL ^i *\_5*^\ '^! J ^3^ (jr^ 1 ^ iIa^L>JI ) J j 2j ■ •■ 1 ,1 (Jj^juj i Ao^ujJt^fl A^sl-u ■ •■ 

j_a-i icLajJI (j^a *l_a«JI £3J^- ^^J ' » JjJtAJI 4_uljjjJI A^lj uA\ (Jj«-aJ rjlitil (_^j^=jj,l JjlaJLi 4jl3J 

Ja^ ^IjJ e5^' ( <jr*^>^' ) (jr^ji^*^' i-fl^LiJI IL. A-a^.*!) J_ajJaJ,l silj^JI 'Lls-jj (jr Ll 1 <>»j| i_3jL>JI J-a^JJ 
. -i^J-U <J^^>- GJJJ^ ^*J 7r i n^-itl ^<-«-5=-a Jl *l_a«JI rrj^J l(j '"J *'_^tJ' i Vit ii^i a^Ljjj <Lc.j_<_a]l (j-a-Lfliso 




^JiUJI CjljUu (^i-UpJI ^vLUI J>U. xia^a ( £A ) J^=u 



AV 






JjjJLt! uLSjJM 



jaaA2?l 




<lSJL>- 4JL>-I JlJ Jl>-jjj <_i JulII s-LiLi <>JlJ_)_<j /<uj j_ifcjJI JtJ Ju>JI (j^a ( i_3^Ll ) £ys ,».}L*JI 4_Lu_p i_<-)L>. ^j ^~*"'JJ 

jV^All ■ J ^— LJ I I ■■ (j_d jljjJI J>J_a_*Jlj l ^ySJ^ai\ d.<_LC--VJ » * . -~."j < (_pljjjl (_^3^J9j 4_LupJI ( (_)l_0^ ) CjLkj^ 

*l_o*JI LJJl-lojj < (^jjJLsJI L^S^Lc-j icLajJI j-$s (j-u ( 4_uJI ) dll ala. J!yL>- t_aj runt, I *l_o«JI (j-« JlJ^jjJI 
. (J^aLsJkl OjJ_i CjljLiJI jl *'_a<JI tLs^Lli>.l j>_L»vlI *'_a*J' <L»-j)j_t -ij-LaJI i_<-)L>. ^j^a s-l_o<JI J o" i njj 



L^J* V'j* I ' 



J^C*/ 1 



c^Juji 




MP 



if^ u»^ 



JJ*~^ l>^ 






AA 







Jl9 j_3e_JI £>Li-a (j! (j-« (O-^-J-Jl-) ' fOL*JI ( i— 2>y\-C ) Jj_j-uJ 4JI a La ■ uVI jj^t* ^L>rP ' , 'r!- a (Jr!-'* i5 3^ 2.}Lc (<UJJ 

zj t I, > LtaJI (j-a 4-)La^>JI j_ul^>- -J*»-J (j-a J^i M-3 (j-LsjisjJI (_£l (_ylc-J ' Jl A»»2r I > j^«' ^_ Ju^-pJJ O^aJiir"! ul 

a I JlJt" 1 iiu I fetlg i— JulIIi LiJL>- > j^— > a) JJ9j t (j^ ' ""f'tl (j a j ."^-»lt r-Qjso ^^^Li- «L>-j-) 4 1^— > laJLI lLUj (Jljj 

4_uj^>JI JLa^-VI Ju£. 1 uajj^aa. fj LgaJI IL. o\-A,\ <_Lt3 j-uLj 4-k LuaJj *l 3JI J^>p 

/<> i ua» /yic ^p|J J^9 (jr"' 2 JljIjJI CjI jl^>-^(l /— aJj (JLc <J-a-*J <U-aL>- 4JL^s^j tiJj^sJkLi (_^-\ ifuJI J^a-ij 2.}Lc (<u-i 

^_^l3 *_a ^jj^LiJIj dJj^>m tj-u *I^«JI £3J^*3 ajL«JI (J^>o j-u-ulji, jjlaj cj^L-sj aJljt" i nlj c (j_».LiJI 

^j-a JlJ Vj t 4 ajl ' nil (Jj^JlLJI ua^j-uj 2Lclj_a *_a .i^xlL) *'vJ' /TJJ^*- 2jjjj/La J ' ^-""j £ 2jL>JI CjULLso^I 

. **3«J' 7r '"'J-a aI JlJt" 1 iiL) lLUJj ^j^-1 cull LJaio j^ys 4_)^3 2 1 J jLulII *_La 2Lclj_a 
OjjJJ (Jj-isLa -S_a^>-J (j-a JljJlIc JtJ Vj £ JjJ3j_tl (_pa^». p'j-3 <U^IiJ (j-3-l ""1 (J-* 4-Lh^jj uLp-l aJlJt" ) il"l JijSj 

. M^-l ( 11 11 /J I OJsJI (Jaj^s a i>_ Liyi-J JJ]2>aI /paajs^ /^a >. itt i nil 2 jaj-uLa /yic 
. 4_i^L>. ( 4 j a 1 «aj (j-u-il^ta ) 4 La 1 ul aj 1 La a » • a I , I *'_a*JI Jj^-u Juu 4 A",^-.", 1 1 <jLd,l 4-tAjuaJ (<u-ij 

t^iA", , „»j ( 4_)^la 4_»-j.} YY* * ^j LtaJill 2jlj^>JI 4^»-jJ ) 4-lIui 2jIjj>- jJj^-J Jj^jJl t-i!j^>Jkl ^j^>^i Lajtlc 

Lg-La (j^aigelJI (_cje-ia 2jlj^>JI (j^Li Lai £ A ' ^~-j 1 1 lLLj-^lII 2jIj^>JI oJJt, fjji XV ^Ijj*. ^j^a tiJj^sJkl 

udj^ejiil 4ji T Lt^>. Ol jiill (Jl i^^l- 1 <— Saj-u tillj (jLa ajlj^>JI £>Jl4i ^j-a ^j^lVm j^jj juJ | j|j £ 2 JljIj 2jlj^t^= 

JljIj ^j-^ Lilj^e^H CjJljso S ij I U 1 1 2jlj^>JI j^j^ajj^al 4_ui^= ^j^a ^j — l^-'.tl 4JL>- ^_ jj>- VI (_^Ja-LfljJI (_yicj 

4JLa I JljJj £ tiljj>JLl ^Ij^-tj JLc J^aGj tllj^sJkl 2jJii (jlaLaisJlj J_al_aJI tiJ^L^li-ul 4- SjLj Jl dilj i^-^Jdi 

. (J^al ifuJLl tillj ^j^a (_£l CjjJl>- X-Ll 4 pjl 1 nj 4JJJJ 4 a '^" JlJ^jjJI aLLsj «.ljj>.| AJLu^s t_o.J 



AH 







5 JUj^LllfkLiaJ Alda^ 

. l£!j_X_fll] (Jj* )"l"ltl iJjIjL*. <L>-jjJ «-j^ ( iltl Jjl^_JjJI j>UaJ 

. i-ilj-^-qJLl (Jjt (""ill 2j|jj>. <L»-jjJ x-lj i nil (J^j^sjJI - 1 

. i_djjx_<j] JjicVitl ajljj*. <L>-J.} (j^ 4Ja^L>JLl - Y 

. liJj^sJkU SjijIjJI SjIj^kJI £yi ^j-^l^-'tl - V 

.( * ) J*^-— ■ '"' ( f.U.1 Jj^u ALkuj *'_£tJ' ^~L)-£ ^ ' ' " ^ CjL^=j^>J,L) Jlj^jjJI aIoj jj-a (jLlujLujI (jLcjJ cJLuk 
J*^-* '"' (_y^- ^'"J'-" i "I J^""*^ (_J>-jL>JI -»■ La i aJI « * i ^-JJ a I ,^.A*^ i~ilMjU ' "I (j-fl *'^tJ' ^*L)-£ <-^>3CjO tjj*~ 1 "" 

aJlJt" i in "j I » ' a II ■"'1* : -— '^ -»t I 4_t_JLc. (jl d^P" Jjjjsia 4_i^ L>JI Cj L^=j_>J, Ll s-l^jjl Jujjj a I Jiir" i ii I j-p-tJj 

j-jLo (_^a ^-i a (J^L>- J-q-SeUll *_)La (JjL-u J I A^Liis^L) oLxJLl ^j^a ^j ^— > 1 1 Jj^_lLJI (JjL-u ^Jj^jj pi taJijI IJl^j /<uJ 
( L^_La ^j — l^'.tlj aj|j^>J| «_u^>iJ (JLc Jj_j-uJI (JjLi-u (Jjuuj (lL!j^>J,I <LJ| ala uib ''-^^*- i 4_lL>-Ij CjIjI i na) 

. ' 'J *— )) ] I Clljl J I II) IjLfuJjl J i^iVl 4-U->iJ **3(J' ^~>J-£ aLIqJ (j^l Cjlj_L4-4 2 JULJ *m J>J>p r>l k" j-LAJJJ 



1. 



AaUJfiJb-jJ! 



jJiT\T 







H^^M 




«.I_^JI J>£>JJ AUajj «.U,I JiJ>JJ ^LbJ ( * ) J 1 ^ i"i 

(JM->- {_ys J-m (_£Jl!I s'^jJ' (J-q-t-l <-i-^>- f> uA,\ Jl (— )l mil (_£Jl!I JlJj_jjJI (_pL-u Jj 4-l>-1 i nil «.ljj>-VI (j_a ajlj^>JI 

. ( ^ ) J 1 '-— ■"■ ( Jj^jjJI - 1 La ' ' (Jjl i nil sjj-i j o" i n" I Jl^=u4>j 



THERMOSTAT 



ENGINE 
WATER 
JACKET 



H' I.'' V V v. / 




*UL> jlj>£]1 *UaJ ( o ^ ) J^i 



^ 



AaUJfiJb-jJ! 













. OjjJUl a. I l^ I JSJ-Ld 
. J_ljLJtjJI CjLlIj 3jlj^>JI Cjli-LLa 



Ji^tjoJIqjtjJUij ^rJsLoJI l^jL^jo i ii 




t _r I ii nill ul^JI 



Oj^iJI ^jaAa- ^ UP 



1 ,jJ] JJjJSloJI uJO ptfhjir 






^Y 



AaUJfiJb-jJ! 













"\jj_u_l_l fA.^H J.lVwJ i ijir_ 


A\\\"\\\ '. iLljalMl !U \.U.\J fliA^t t V^** 1 "< 1 


- * * --'• \ 


^JU ' ^ < a La 2j|j_>. <<-»-j.i JlIc JLg--^Tu 4.1 1 


4j - ai "JJ "A? 3 


4_uJu«II elj^J-Vl Ijlls J J t^^jJ 


*j l^ -»- It 1 i-w jj ^« 1 i ^."i a 1 


Lilj^sJkLl (■ i i n'jj t-£J_p-> 


(j nl i ii ( « " •• M 


J~± 


«Lta (JjsLilLlI ^_ a jj La a. iJjLufc q hj 1 



Jlj^_lL!I JjLj-u ^j 'j; ^— — '" ^ A * 4 1 1 ii m J-iyreTiJI *_La ! _J_jL_ 1 _u tULI ^J] ■ Al i>»t ^1 U ",11 i jjLJ.1 aI Jiir" i ul <_)^-lC (J-tLSlJa 
< #ULI ^jLiic ajlj_». iswjj *_3j (_yic (J-«-*-i 'LJJ '-^p*- ' '^"1 i gj i^-tl i J_<«tlll *_La (JjL-u aI JlJt" i iiLi •»■ Lta.ba 

. J^=1l!lj f jLL^aJI *_U cjLaLis! <L> <jl U^= 

: ^jUIjauaJI 

. 4_L>-1 ( nil «.ljj>-VI jjjs ajlj_>JI (_^al '^*»» ^i_lXI L^j j-<J-1 ( Jjl^p^.^fl i_3^C.j 

(J] Jjj-pJI (JjLj-u 3jIj_». £yi j^alsegJI «Li3 *jj (_£Jl!I (Jl^=lLI jj4>J ' *LlLi JlJ^-ijJI a UajLl ^jjijjjJI «.j->JI j-fkj 

<LajJLa ^_ * miU Cj-iuO La LJLcj . a I LaJLlI ) aJlJt" i all (_pl i all (jlj_jt^= * Mill J-4-X-1 I l^—* < (_£j->JI «.l a-J! 

. JlJ>j1II LlL^I IL. Jl£.1 in" (jr^a-I ^^jLJkJI *!jfj| i^xlj-o IL. i_L!j^>iil aLoI 4_±£=j_LI 




^■v , J jjj*. 



JiJ .11, jl^ — j^_ ^u. ^V- ^lf I ,^ 

( or ) j^=_i 



^r 






JjjJLt! uLSjJM 



jaaA2?l 




. J~*J-£ <— iuLcjj UJJUl (j-« pa < i <a ^ ( da < uaVI *j_>JI ) JlJ_jjjJI i_£jL^ta i_t_uLj| - ^ 
jLjLg-b Aj-iTlUj ' iLu i n^LJI jl 77I L<aJI jj^a ^j ' uax CjLjL^j ) ( ^lii 1 ntl / (_£jJL»JI ) CjLjIjJkJI ~ Y 

. ( CjLlLII O-j-uJ CJy\-uz^ L^-ij (JjI i ntl (jjj_iejJ ^JlJt" i u3 ' ilaJI 



»l^=ua 



4_)j * Mill » LLaJu (jJjiJj f All *<JJt aJlJt" i njj ^jltll (jIjJkJLi _i^»-j^a ) s-JJtl (j-t£. ~ V 



. ( (_>Ja-il aJI (_)^jj| 
. ( (JjI i ntl ^j_« it Mill x_Jj_ajJ * 1 11 <il I ■ ' * ' "'' (JI^JkjLi o^^s^^ja ) i_3j_u3 aL«_i^5 - £ 
JjjJ^li^ L#J (jP-JI CjI j^— >j-ILi liltjj * All CjlJljj>- ^Jl>-Li Jl>.Ij1a mJjIj-*- (J-iL|-« ) '-^3-51 -th^ ~~ ^ 

: £u4lj*£2bj£j 

jjLJI *j^>JI Jl jj^jjJI (JjL-u j-^j l>^*' ' *"l O^? 1 ^ Cy* ^j'j^* 1 ^' J Sj *" | «^P' lSjIj-* - u s * ' I*'*— * Mill (j-«-*-i 

* Mill i_t-uLJIj CjuIjj>- ij\ i_l!j_>J,l ^j^a ^ji>.| i nil Jj^xltl (JjL-u (£j 1 11 \ tiJj^>J,l (Jjt Mil *L<jLa i s-l^aJI J-^J 

J I (Jjl 1 nil (j^a ajl^jsJI (J 2j "^j sj|j_xJu (J-u^jjJl Ajuj-uu (JJula ^Jb^ Aj-U^Jl VI J I (jj/L*_dl ^j^a <LC^_a^ii,l 

^j^a ^j — l^'.lt i_l!j^>J,l J I |^j^>-l aj-a «Lc_a^-j (_}j3 (JjI i ntl 2jIjj>- A^»-jJ QJa^ieJj <^^>- ' cJuLcjJIj (_t-ulj VI 

. (0£) J^-i mi jiajl 1 SjIj^kJI ^ l£>»»f ^q^-i 




■t^g^^^^ 



sL. _ 



' 1I5A 




f IjJi 




( 01 )J^i 



<U 



AaUJfiJb-jJ! 










1 »^la.| N gj^l I ntl t jLjij_i_u A-Sj^Ja 



. ^j-uiljJ! <_iLl^I - I 



J»»» *■>•* 




^> 




J 



4*>>»<JL-* 






■ - - - 



■cuffed 



. (JjLuJI (jLti^- ^jlj- 3 *- ^*"J^ 5^Lji^_I a! laJJI LLaJuia *-3j (jyic <J-«WJ "~ Y 

■ ^Ualll 4- Jadielllj JlSIjJI cki^l tJujo^b ^U-uJI ~ X 

( 4_)jJitl ) (jia.ll aJI tjlj-i- (J'j (j-° (JLSlbzLl * mi U ^_ (Jjl i nil 7T <\ i n\ Jj-U-U aI laJLll ' - £ 



. ( *'^tJ' Jaju a J (JjI i ntl l£Ll>J ) ^UaJLll ) Ci-iTlo ^^Jula jl <ylal la " lLLiL>- - ^ 
<L»-jJ *_3j j_p3jJu a I lalll ' JaJLuaJI ioLjijJ ) s-JJll (J-ic l$*aj l£ _ (J-*- 16 - O** 3 .^ *4 daJLuaJI aLg.^ - Y 

. ( (JjI mil (jLtic. <»j|>=>- 
£y> aJ^auLl (J-ll i nl I ?■ n i n I ) sLLaJul J* ■ u! ■ "'^"'i' Jl>- I^J-a ^jju^s aYju^s _J-fk_J (J^e-LreTJl aLj-i^o - T 

. ( JlJjojJI (JjLjj «jlj-»- 4-^.jJ Sjj^j Jl ^ 1 f-" 1 ^! <Ji ^4-L^^' (j'j-^' 



^e 







JjjJLt! uLSjJw 



jaaA2?l 



^iJI^U* 








Ill 



^j* 




* Mittl s-J^a <j}J£.J *LLa£. (0V)J^=i-ii 
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,Ji«.l J (JjI intlj Jai liaJI Lilp* Jl 4j Cm'iII lLLiL>JI <J-«-*J ii~p» *<J-U <JJ£. iselfl (jr Lc. *_<ij,l ■- 1 Lai: '/^-'jj 
( JL^auuiJ _^L^= M ♦ — AT ) J>jJl»- 4- JaJLiaJI *_3j ^i^. *LLaJiJLi -i^^ftJtl '^♦■^ tl aU-i^ J-<WtJ ' Altai!! 

SjLjj 4- jlj<"""VI ^'^ ( ^ala ^-J- 5 ^ TV — ^ Y^ ) JJ Jj>j1II JjL" «jl>>- 4-»-j-i f-^j (jlj tiili l5 j J^ ^P" 

, u» , V-tl (_£Ji|j vi*^*- A I a LaJI 7tl2 /J I 1_> Ji %_a a I a i ^ II ila-Lia 4.q_i3 ^2>c (JjI i oji i La * < '■*• x_jjj_i SjIj^kJI 4_»-j.i 

. I allll ^j-a a I Laill ) CjLjIIIj 

Lakj a I La-Lj| (Ji>-IJ ^LjeJLso ,jj^~~ ' ' La-a Al La-Ill ' *I^-Jlj (Jjl i uJl («-^>- J-Sj (_pl i uJI 2jIjj>- 4^».j.} (jlal fl^JI Jtlc 

(JjseJjselu I ^j^a ^_^a !■»■" il 1 i i . n a « ifgJLI J I ^j-^ ll aJI tj|j^>- (j-" Pj-^.J-^'- 1 (J -1 '■"'' 7"> a ' "1 1 (J^tl^ejJI Al-a-i^s TtHaj 

. (£ftv>tJI ilaJLuaJI j xSG Ccjvj jL^JVI <j-o ALLail! <uLa^>- lilli <4- UJ^~-J^ 

: ( lij2l\ )^jU)ljl> 

CjLa^Lc 4jj i aLaaSaJl i s \jTi < h^LjJI ^j^a (JIjJkJI « * i ^-j^ ^j^" " d-ll <— i^jjI (Jd^* 3 O^- ^-"^ . J ' '"*"" U'j^* 1 ^' '^ Lli> 

aJl£. <jLs J^Lt-a AlLaJ I j JJ^jUI aLLiJ (j! ^..-L>-J ( 1 ) ( J^ =L AJ I IL. I -i^— JjL-oJI iJ^Luva JjJl^cII 4-l»-jL>. 

(JISjj \J*u3 ,jj^~~ '"' j*^^- (jr^- J^-' ' " ' *LJI (JJ i^Lx-is^i u I Jl4i t Jj^xlII "-> A^-. ^^yj Jjj_i a LLa-dJ s'^J' (J_ai>-J 

. Jj>jUI (JjL^oj ?-^Ls^?I j^^— j" oLj 4_Lla^l (j-a till Jl^=j ALLa-UI ,Ji«-l J J^— Il!l 4jlar (j-a 

^j-Li LaJtlcj (_)Ja-il flJI tj'jj- J] ^j-^ -il aJI (_)_aJ-il j-tC f ifoXI ^j^a Jj_j_l1II (JjL-u ii^jtjj ui!j_>Jkl AJj^bjjj Jtlc 

(JjI i ntl ^j" i n a daa.^1 ^ ) Jj^jjJI (JjLi-u ^gj" i u a (_ylc ' fl-fau^aJI | j' : — < ^ >a i i» ifoXI Jl ^j^>-l »j^a JijJt-i (Jjl i uJl 



IV 






JjjJLt! uLSjJM 



jaaA2?l 







. ( (JjI i ntl *-3jJ cJuLcj a| (_>"JJ 4j (jJuuLI ^j^a ( _>o>J3 ^j^l 2jLlC ) a ■■»■ , >, 1 1 ^_piJj ~ ^ 

. ( 4-se-uaJL I (_>"JJ JJ ** 9e ' '•*■ I . I 'J-^ (j-* < ^ = J^ >1 -'' J ljJ * ' JljJu>JI ^j^a Sa aX ) a ■■»-,>, 1 1 \j ^<~ - Y 

. ( 4 ^- ' >■ 1 1 C-c-llsj 4-Se-iiaJL I ^ji'* (j"*-> Jj_)-lLJi (_pLi-u (—1^ i n" »-Lqj ) 4_jejiaJj lLL)L>- ~ V 

. ( Ct-L Ll Ll 4-Jr iJaJLI Jj-«l£. cj'jJ^ (jr^ 1 J^-L^J (jr^ U^°J J' ^"A^ ' (Jr . La - Je - L ^ (jy j-ulj-^= ~ 1 

. ( 4_»-j)jJU_a a -*■<>» 1 1 sjLLs Cu-iTlu (j I ^-— » a ) a j" ) a -»-,>. 1 1 aj-ca - 

. ( «Ls&juaJL I (<u-oj*- (JIIajj i-i!jj i ii U ao-lU^M jl JljJu>JI jj^a pa ' i ^ a ) d ■■»-,>, 1 1 Clllo - "I 



tJJffl i jli 




yjqptsrDawoBjin 



*A 






JjjJLt! uLSjJM 



jaaA2?l 




tuUUI 

<_Laj>o (jyic. Sj-iLa LgLtj>«J lLUJ (jLa 4Jj-a ilLaj L#Ja^=j * miU Jl dJj^sJkl (j_a JlJ^jjJI <JjL-u (J-S-U * uA,\ CjLlI 

. '**" Jl aia i ■■ » I 0-°'j 9 1 '- '""" ' " >> ?-*^-* J A?^*-J*' t ^ J '" 1 ' i<j^a^-ul Ct-i-Laj * uiX\ (j-u J ua ) (_£ol*JI (_ t 1jI 

. <LSe-uaJL I i.iTiii Oejli (J-^JLso J I (_yljl I J-& f^ysjjuj 

i» miU ^j^a Lq-re->- j-t-i^ I i_£jlj^>- (Jjl_La ) LSjJj ,JI Jj^_lLJI (JjLjj J LaJj t£>=- VI CjLjUI ^j^a j-t-i^ I J-ki2 Li 

. ( a j I j U 1 1 ) JjL-uL) .5^>.jJtl 

(^jJlua (jjjLiliJ 2jI^j>- (_yic <Ia^Lae-»ll * in\,\ Jl JlJ^jjJI (J-sLij/ (juj-u £— f\ '—^ ~^'^J ' J '.J-^*'-' Li (_)-«-*-> aVajus j^k 
. * mi a It (_£ol*JI (_ r !-Ilj Li!j^>Jkl (j-u xJL) (_£ jJI OQjjjj^a^jJI Ct-LL<u OQjj/j^a^iLlI Jl>-Ijjj La LlILcj i Ll!j_x-aJLJ 

^1M 



LflJJLa a! q uaJI (jj*^-* ' (_£-il-Li£.VI *_iis^JI ^_j ^j ".'^~* a ^'i 4 jt ai"i ioLu <*j_LLa 2'<ljU , „T /^a *.l ^ ,^.tl Qa 



ii^MifiS 




( to^J^i 



^ 



AaUJfiJb-jJ! 










LsoLb i_$Liil S_a-9 J-iis ^j "J*^" 1 1 1 f-^-^ ^"l- 4 ***'*J , „*y| <_L>-I.S 4 jt o Mill ajLil JJLujj JL£)_uJI <JjL-u <Ujitj-u Jtlc 

^LJI JJlxjj Jl 4jJ>J_s 4'>ljU,,.VI Ji^l J A.Lt.a.jJI e ->UI jj^i i ^— *"' SjIj^kJI i>-jJ (jlaLaJ^I J If J l a! i <^>tl 

J^— i ■"■ ^_ I -i^~~* ( (J-lJJ Jl i a a ) 4_lCj^ aJLi^sj (J^L>- J-J_)-lLJI (JjLj-u {C,j i n j * I a ' <a II Jjlc - )l -' £ -J ' . 1 ' ' (3**^ 

J-}LJS OLAJj/J^a^ILjl ,jj^~~ ' ' (j-Jj JlJ^-JjJI (JjLj-u 3jljJ>- ^_ (j-ujLsO l-l!l_<j4> ,jj^~~ ' ' (j-I 4_Lu3_aJI Ojufc JJJlJJ (u 0' ) 

,Ji«-l J ) 4_il>-lj Q^aiJ (j| Lai iJLajJI ojufej ( (JjL-oJI »jlj-=«- i>-jJ <fr f^J^' j'**-**^ (j-ul m-wVI ( _ ;r iil 

. (_yJL«JI JaJLJaJ I a ajlj_>JI (J.a.^Ll <U^L>. ■ "" a La la a ' (_,J Jjj^lo ^j^l 4_l>-jL>- jl ( Li!j_^-4JL! i __ r ^ LJL ' ,j--j -i aJI 






■ *'^ 



I 



3E^ 



> j jjji jj ^ j j jj^j j r j m i 



»L_J JlL^u 



ZE 









h: lis^ O 






Jj^-Vl yj^ 



IT 



rmtS 



»l*J ;: ji- 



CJJHtffAjiJ 



( 1* ) J&u : u\JLu$ajj2\ J***J (Mi 

J>jJl>- ^_ x_Sj <L>-jjJI tfjubj 4-lIc <UjJua O Qi-u_a-«^iL! I Li>Jii£. ( -xlui ' ) (_)-«-*-> <_jJ-ll Sjl>»JI <^>-J-S 4-a-LS 

. AJOJ-a <L>-J.} M — AY 




2£)li)l3Jb>}l 



JjjJLt! uLSjJM 



jaaA2?l 




2jlj^>JI (j-a ^j^IViU i£]j^>Ji,! ( _ r ic *'_a<JI Jd>* J i p-"ttl S-^h'^'j '— ^ J ^ 1 j <J^-^" *L$*^ '-.'"*•' " (jr^ 1 ^J^' (J-*-*-' 
(JjLlII 4jI of 2«.Li^=j kcj-uj '2— sJlcLjaaI! x_iii,l <J}L>- *Lfc-^ ( <SJ: *- : *" * J ^i3 (Ji ^'JJ-''' J af (_£J>j£a i 2 JtjIjJI 

; jUjC-VI (ji ^tul -^JJ 4^jJ-all (J-aC- -Lull j-ilj 
4Ji I -i^-— i AjiiAitla cJlj La tl!j^>J,l »j'j-»- ^-J-i ^^P* ^jl "^l 'Ar J^ 1 J^*-aJ ^£hP (Ji ^J^* 1 ^' rL'cvJ V. 

Jl iaLi-is^Li I jut Ll^=jJ,I icj_i^I Xj&-lu *!_aJI f LsjlJI a-cj . uj f.\ a~,^— VI j^—^j a_lIL«JI cjLcj-cJI IL. 

. <L>-j)j_U (_>ijj 4^=j^>J *l_a«JI <LajLiii 4^e_lIJ 4_l!L«JI CjLcj uA\ JJlC L^Lii cull j i^al iisLLs Jl <L>.jj_U r-Luj*-! 

(1 ^ ) (J-^~~> l"f t LgJjI-SJ 4 Ijl ilj (. I ( n~>. 7-JjX\ f^J->l (a~j ' "rtl (j^~l Qj 
< <L>- j)J-t I J-*-"-" (Jd/* 3 L>*- l3^>^' N J -1^* (j-a I j"'^~~'J "*- Jl>-Lj <«t.-L>iJ I ^-» J )l *— • J a <J-a-*J 4_»-j)j_a ~ ] 

4 -»-,>. I I (j-\_) «_ii^aJ tjLo* VI ^J^« ' ^-_J ' 2 J ^— I ' ] la oLu,' ^ -»-.>. a 2j_Ci5 (_yiC. 4_»-J)J_U O-lIija 

. * ifaJLI ^j^a 4_»-j)j_tl i_<JjJii! _}L*_)J aJL-sj 4_»-j)jJUj 
i^LLaJI Jl>.|_) j^Lij^^a ijJj^ta Jjjj^a j]^ 1 j"'^~*J ~*~ Jl>-Lj <i-;p- r ' 'J j^~*^' ' (J-a-tJ 4_»-j)j_a - <_! 
x_uwo aJl^t" i n a faiJI I JljIi ) <UjUa ul ) aIj^Ha 4_uLij^^= Li!^Lu/l ^Jj^Ia {_y£. «d <Laj}L!l 
(3^jJ,l Jj-a£. oL>JI <^~p- <■ (jlajJtlmJLl tiJj^sJkl oli (^LaVI «_3jdl IL. OsJlJcILcuII oL^=>j skJLI 

. ( f MlU i>L>ljl (jyiC- LjJlJJl£. (jj^-IJ 



1 .1 - iit^ 



^Jii,i 




*— op 







Jj>j1!I ^_aji laJlieJLl fl^ajVl (1 ^ ) J^aui 



\ . > 






JjjJLt! uLSjJM 



jaaA2?l 




( <Ulj i ntl x_a L^jjjlj JJij 4_LlI (_piJJ LilLakj L)lj)jJI <LuLi 4_iL^s (_p^J Ll!l_ak ) <L>-_jjJLI (_>"JJ ~ ^ 

. ( 1Y ) J^ ,t,ti 4. U^a 







f*— lijL-a<ui; — ~*| |^~ 



-l^jjl^j 




iUI, ft 

^>-3>t1 obi- 5 ^-j-" ( "^ ) J^~> u< 

4 U-LaJ - < ! AjUj-uu ~ I 



4_lIL«JI CiLg.) i ntl J-ulS Ojj «Li ^j-^ )l aJI t 4-Liil| ^_pijjJI CjI J 4_»-j)j_tl (_>"-> j 3 a g i i aj-S-i <^^>- 

t;r Ll LJLc. '/^— Jj ( ( IV ) J^— iftJI j laJl ( Sjlj^>JI (j-ul ui> ) 4j>.jj_4JJ (_£jIj^>JI ^^jiajLaJI 

AJjiejj/ Jtlcj <L>-j)j_tl JJJ3 Vj ^j-^ )l aJI (34>-<-i AjjlajJI <Lcj_<_a]l Jujl& t ^j-^ )l aJI <_)i»-l-} OJJ-tl 

. <L>-j)jJU jjjila (jiajLill (j i"i «J i_*Jj^>Jkl 
*_a aJlJt" i n < it uA,\ (_yic. ' < ^— > j 1 1 (_^a flilll ) C<-u.a 4 ■ ^— >j 1 1 AjjLlajJ (J-<3-*-> (_ y jLlj.^^= i_l!j^ta 

f-Lajjl Jtlcj <L>-j)jJU <J-«i*3 }J-3 Jj-aj^a j-tC ?-Llail (jj^-ij ^J^ ^J^* 1 ^' UL9^~"'J LaJtita (_£jlj_»- 



^ .t 







JjjJLt! uLSjJM 










jaaA2?l 



^Lij^^JI ^j^il Jj>U frc ~<*-jjl\ Sjbl ( 1£ ) Ji^i 



La J-&J < * miU (J^L>- <j-a *'_a<JI '- <-Se i u (_yic <L>-_aj_tl JlcI i njj y| LaJI jl i s \u < h^LjJI ^j^a pa Lua^a ^o-4> 
. ( *\0 ) J^— ifuJI 'A- I -i^-— 4-»-_ajJ,Li <Ja-pJLl i».L_uIL) >Ia-po ^..-Lrvj *_i!ui,l Sj^j^w 



^*"JL^ J ■'****■•* 




\ 



4j>*_aj_I,l *lj-4> ^J-* 3 ( *\0 ) J^-— mi 



\ .r 



AaUJfiJb-jJ! 










. '"" fljLal a-U ' d_iic ^j -^ * » --> '< 1 1 ^j"l aXI a I Jiir" i nl i ljso jjluA I (J I J i" i ul J-Lc t cJ^_>J,L) <LusL>JI 



4_U 



J^ LI Jl>-Ijj-u-u aJlJt" i n 1 La LtJLi. ( V ) i_3jj>- J 1 '— i ■"■ (_ylc <*\t---, -.* C-^LiisI <kl jjulu ~ l_l 
liJu>JI <— >l l ^~~'j II p la » i ' aJlJi-" i ii a I Jufc < l£Jj^>lXLi *u^>L>JI '**" aae-lil f-io^- J I 4j=j_>JI 

. (jyic.1 «-l <^ t < 4^=^_>JI (J-S-Ljj <JJ9l j^^-— a ^1 r-L"i--vj ki-aa» 




( V ) J^-» >* (jylg- fc^>T <b JLa»lj j-cuj ~ <_i ',',',',( V ) J^i ,i, ^ j^-u-n S Ji£. - I ( "H ) J^sl. 



ijJ^ItAJ P^~" LSfclul S Jl>-J ^j-ul i n-».n JtAJJ ' (3^1 i nit JlJ^jjJI (JjL-u »jIjj>- 4-^-jl ^l_j_» (Jl isLiis 2U 2jlj->JI 

. liJ_^>J,l ajljj>- A^»-jJ (jLl-U <U-)Ju>JI '"" '^~~'J ' 






JjjJLt! uLSjJM 








iJ^ittH 




'I ■ |! j* 1 ' ■ 




CjjJ-11 



.ijijjijjLa 



jaaA2?l 







jl^JI (jaLja 



Sjlj^JI (jrU S/.l^j^tl 2^UI ( 1A ) J^-,,t, 



ajl^jsjl ^J-ul ) rl~>- ^J-LLOJJ (jL^=L« ( \V ) J^— » ■"■ 






j ^— j 1 1 ,Ji«-l J SjIj^kJI Aj>-jJ IL. p^— *-"'^ (ji>-l intl *I^JLi JijLi *lj-4> <lal>J Lg-t£ p^ 1 — — "^ J^— -^J 



^ .0 







ja£U 



. Jj_j-l1II 4 La i ul aj J>jJ9oJI jjlj-*" O^- 2 JlIjIU' sjIj^>JI <«tJ3 (_y]l^>. {_ys ,_; — LseHJI <_o.J 

. $.1X1 Jj^uj ^5r^ -Aj^lJ £ CjL^=j_>Ju Jli^iTJ tjLLajLJr" i u a (jLLajj^a Li!l_ak 

i_l!j^>Jkl jj^a SjIj^kJI J 2j *"' | i- : i^>- <U^5L>JI d)l '^"-j U ' CjL^=j^>Jkl Jj_)-l1I 4jtjl Mill 4jijj_LaJI «.m_) Jj^-lII I J-P^t-l 

. *l_a«JI LJ^L>- ^j-a j_aj 4 ru^j cJuLcj L^J AjjsJLa c-i ^ ulji (Ji>-I J i>L*J^1 j-a-i ct-Ja- *'^tJ'j 
*-3j (Jl * ifoXI (Ji>-I J ilaJLIaJ I 2-SLjj (_£-i|3j i ,j^ aie La ilaJuJa ^Laj^sj ^'j JaJLLa a La^uaJ » mi U «.LLa£. -Sj[}-> 

. *UI (jLJ^. «j|>>- ^>-J-5 
j_L>- (Ji>-I J 1 tfejl j '-^ " Jtl£. JJlajJJ 4JL)1J9 4 jt qi"i ajLa («-3=^>- J-<-*J 4 - =t r!^- 1 ( l^J'J-*" ( a '- a - l - i5 ) Cj LLuu^a^jJ I (J-a-*-i 



I (JLa (_>al jC eJxj Aj^)ii]| aUaJ ojl^a. 4-^.jJ jjIjj 

• Cr^J^' *'V b'j^ ^J- 2 
. X-ifaiLl jLil *l_a«JI jl Jula 



^ .n 






JjjJLt! uLSjJw 






ubtlk^l 



Coolant 


Jj_jjj]| (JjL-u 


Air cooled 


f.1 0-4 _L))_U 


Water Pump 


i>Lj-II <ie-ua^a 


Water cooled 


«.La _U^u 


Radiator Cap 


«_jj,1 r 1 Uf. 


Recovery Tank 


^j-^ il ail (jlvi" 


Hoses 


oUJI 


Belt 


^UaJI 


Radiator 


* u,i a 


Cooling Fan 


JlJ^jjJI 4_»-j)j_a 


Cooling System 


ju^iTJI aUoj 


Fan shroud 


JlJ_j_»jJ| s-'^ajfc «L>-^a 



> .V 







. S ->jL J-4>J '-^J-^* 1 -^' (J J* '•"'" (_)^=1 Mia (^^ La - ^ 

. S Jj^jjJI AUij i_djLlij f-Jk La - Y 

S '*"' ^-»j 1 1 ' 4-ajLJr" i .1 1. 1 Jj^xlll p La ' p'j-lt (j^ La ~ V 

S (_^jj>JI LLaJLuaJI (j-a (jyict ilaJLLa Ccjvj JlJ^jjJI Aliaj J-aJU I iU - I 

. JlJ>Jj1! *UI aIjlsbjj-uI Cjlj_L4-4 >^=Jl ~ 

. S Jj^jjJLI «.Lil a I JlJt" i ill <_)_o-i£. (_a> La - ~[ 

. S OLlij/_ava^iLll AjLlIsj (_a> La - V 

. S CjLlij/_ava^iLll (J-a-t-i I a ^^— ~ A 

. S oLL-uj^ajfil] (_^jlj^>JI ^JlILi ^j i a 2 1 , 1 La - ^ 

. 5 tiJj^>J,Li (jyjLU (_^a-u^SJLj JjJljJI jLuJ.1 Jaf jjfc La - ^ * 

. S » call f-u^C (J.a-t-1 ' ^^^— - ^ 
. S » u.ill frLtaiJ Oj^lI ^pJI LLili^aJI La - \ Y 
. *JII 4^cj3 (^rlaiu - I 
. JljIjJI LLaJLJaJl ' a j ' -""' ' 7r <i i ii < ~ (—1 
. Jj_j-<jJI (JjI i nt (jLiLtJI ajljj>- <^>-j-S (j-« i j^-^*-j - -r 
. ALla-Lll ' (JJUeliJI ^j-a (j a I -»" ) ~ J 
: j^k Jj^jjU (Jli-l' (aUaiJLl Lzjj i"i j '^— > »' OQx^ava^jJI po-l ~ ^ Y 

. JljLj/jJI pjj - I 
. x-ifoiu 4-ult I 4J| aia i ■■ *l pjj - <_) 
■ *LiiJI £$J _ £ 



) .A 







' <tl^— ",^VI i ; ,^1 ,^,j CjV,L>JI /oJajLA i|_a (j* 1 ' "a^LLa ^j-i se La ■ u (j-u <L^=j^>JI LajlJLa 4JI_i i *tl*^— "^ VI i_3jjlj 
: J J i^-ijj iS'^3 Lujjh^\HX\ ~U,..VI ^u ( aj\ ■'^'* ) (joalkJl jbjj ^yJllJLj 4^=j_xll,l *lj^.VJ <J^=L3 

. A^ajjsJklj 4 ^— j — " 1 1 *lj^.>U ajlj^>JI i».j.i 'A- s-iLjj ~ Y 
r.|jt V| (jljjL>.J (Joli^=l1,I <~.l^l — ^-. i^ajjtlU *lj^VJ (>U i<tl^-."^VI tlljuso CjL^=j^>II 4-j 

?-jI^jjj TjJa ' iJl (jt-> Ojjjl jj^a 4 ^ a j 4JLtIaj la I *"»-*■ VI (_Lc aj 2j (j^J ["J , ,.tl c^jj^j Sj ^-»<a Cj| j, ) Lok ^j-« 

. 4j-a_ajJI (j-a * , * * Y J I ♦ , ♦ ♦ ) (j^ 1(j^-iqi ii 
I -i '^— *J ' La a » i ia 1 1 !i_L4> j^uG CoiJj Sj'^>JI CjL>-jJ l aJQseja A_ 4_<j_i'j 4-a.LaJ 4-S-Ja -^>-J (JLax^ jJllJjj 

j ;^—' <L»-_ajJ (_£ j '^ij (Ji o*" i "I (— <^>-j I aJL^a i_l!j^>Jkl «.lj_».| <-.l^-.l" 

:4L*tldL&-¥l - i 

(j-' ' »■>!! <Uj mi-w Cjjlj Ljl^aj 1 j . ^ » j t jj-LsL>- £j\ a i n-*- JjX} - ^ (J - * 1 ?F-*^' ' 'tl^-^"-s. VI j.4, 

. Sjlj^JI 4^-jJ, CxJLJjjl lol^j-^l .^l^-^VI ^L^ Ui^= 

Coo La 9eJa-i-u IJ^-pA- 1 jJLa 4 al^aJI ^--Lt.a-1 (j_oLa| •- U» . ■< Jl>-jj V, 4JI i_3j_*j (j| (_o.jj 

uJl>-jJ (Jjt i""itl cii LLl^=j Lo_i Vj ^ i ^. a ■»■ U , ,,1| j\^~ < jj (^Tl>- »j '*—' a a^uJlC a) i 'j*^-* * "j)j ^~*^" 

2jJ9 Cj Jljsoj I j uaj» ' x_a i ( I i" i*ii"< r-jLtlll o JJt (jb9 jj>- I /<u-a^. 3.3^ f 8 ' aa * iJ-O-'- 1 L ^- i (jr^-J ??- 1 J'-*-* ^ 

. ( i < tl^-»"-s-VI 2j-2j ) /, a ' u3a ^ p i n*«.1l 4jsjLia (JLc (J-a-*3 

5^ldli2b-VI - u 

. iJL>JI tfjui iL. 

^If J iiIj_cXI Tjh Ull\ jj^-i A J, I i nill 4^.j mil j_yic (_ka_4JJ 4JL>JI tfjui -^ i<tl^-i"-^VI 3j^ jjj Ja-^\Ij^ 
^_3^jL«ILa *lj^>-l 2-r-j-iJI .<tl^-",^VI CUJl>oj aJlJ-'iimU OjJJI i>._ajj ^^J ,<tl^-",^VI -»-U,„ ^.L^ijJ 

(Jjj-ojjJI pjil (^^ijjlj^aj 4 i "j\pl (3^X1 Ji_4^C t_j-i-u\j^3J i lL1jj>i\\ 
CjLCj i nt I ^_ ^ i iilj-^jJl (^A- 1 ^-<^>t (j-° "ULlLs (Jj^slJ Cj> CjLaL^aJl 'ji<~ ^ i nlj-^jj ( I . i ^i 1 1 ) 

. 4-atLkJtl 

_ ^ .H _ 







<J-<3-*3 C-^l->- <LaJj_m y jia ud\ (j-U CjJtJSO OjjJI (j^O J al^-i" a j ,f ^LfttC (_£l (^j^JI g.1 MlitL) (_ 7 1*-J 

yjj , /tl^",^l Vj i al-^ , <tl^",^l jM V ^f ,_,U~r "' "^ j' N * " l ^'-.' ,_/' '** ' f 't^^"^l 
4_i]L*JI CjUjjjJI (jLa Tjk* ■ oJI <4- Sj4>.ail dil L^aie-UI s-J^a Jl LijI J (Jj-<J-i (^yJJ^JI g.1 Mittlj 

. I -1 j '--♦ Lj 4 [ ( ilitLl (jt Q I rl*«.1l A^~ <j^~ JlIiC J ^~ < 1 "r'i a I j uajl ' *_« Jj ' ^*" " 

(jIjJl^-j > j..j^-.tl jjLufu (j\J 4jjI j! * J_i Ju£. i_dj^>4l 4- ^tl^U-^VI ^ tjiJI | jui, CjJu>o 
Jl i^JjJ ^1 i_3jjJiaJI ^Mi'll ^^ 4jj3Jjj tl!jj»jJJ ajl-i^M *JlJ sp3 (jf Jl^J I JJ £ 4-Jl^J VI 

: (j^kj (J i^-" 1 *' «L>-jJI (_yic I j" -1 J a L^Al^ (jr^*" i — l -££j-^' t — J Jdj 4r- "kj^'jJ t_i_-yj (Jill ^j-^ " LtaJ^JI (_)Jaji ' J^>-JJ 

. i^ajjailU «.lj^. VI (j-u j m"i m /-^= l! 4_taL^= <3Ja_Li_u I j jj^—J (jl - ^ 
\j , ^ £ 1 1 j 4 n |" V t, I jji )""itl <_3j)jJi Jtlc 4lL>.j)jJ <L»-jJ_) k>l A"-s.VI j^^JLc ajjJLU OjjJLJ jj^~~ ' ' (jl - Y 

. Jj^JJiD <— ■ *d>^' ^jL^ 9-4 <L>.j)jJLJL) 
j^QJLij <_l!j_>JJ 2jIjj>- CjL>-jJ f-Lfljjl x_a Jjl^L^-^LJ ljjLi^=a 4_ajLiLa C.<-uJIl?I CjJjJ jj^~~ ' ' (jl t— cJvj ~ V 

. (-11 ">^-S I J4J>^=lJ' (J4=3lJ 4 I ( II \ ^J SI I 

> i •■*— )QJ| I Jufcj «GjIjj>- 4_»-j.} «_ojj3 LaJtl£. «d CjJljso /jJ-I' ' i ..^-.I'.tl 4_tLi£. OjjJI ajL2j (jl (_cjvj - i 
,_)^=G ^J\ (£■$& 4jjLa_i^= -i'j-« /?-J-'-' ' -1^~~' CjJJJI Cjlj^j-a jl J i ii \\ (_yic (J-a-<3 4j^c ajLa ,jj^~~ » ' 

^j-« OjjJI ' il^-» i ■■'! jJI (_^Ji|3 (jr^l » ^^1 aAll (_^jLc.jJI (J-«-C Jo-is LajLiia OjjJJ ,jj^~" » ' (jl <— cjvj ~ 

. (3^j-ll 4jJL«J 4jj j"tl i^da 
. I ' ual! LajLLa OjjJI ^)J^~" ' ' (jl (— »^vj ~ *\ 



^ ^ 



4*)LU!3j>>)! JjJJJIuLSjJW jaaA2?l 




Jl ^..j^—tl j_il_Lii Jila <LJLc Lg3j1j^>- <^>-j-S (_^j-II ^^L-,1 Wl '£_ oj}JI J_pelj ct^ta- : Sj ...^—Vl - ^ 
(jll i_£J>|jj L$JjL*-a-i ( j-)l i Mill ) (J_ujL^=lU dil ala. Jy uallll (_ylc (J-g-tJ 4-pia^ ■■] 4_JLqj^a d)l i ^~~'j a 
I j£a j il LaoJi <dg i (i ,jj^~~ '"' J^ **jj ''""* (_psl-4^>-l 1 ** j ^~~* a OjjJI I ■ iAG ; JiJ9j JjJLUJI A_ 4-ij.t.Lo 

(- i i i^pJ J I QjjJI^ I i "'J-a JM r.i( M 9 i_l!j^>JkL) j^^jj/lj^aJI t J^s\2 (_ylc (J-a-*3 aJ^LII ^j^a j '^— >| j ^~~'j" 

^_ J>jj*-jJU Ojjju (J 1 -^"'JJ j-ll ( Mill j-til (_^IL>iil J-m -S^SjJI (_>ia-*-l uLl>-I <— )> 1 1 1" » JiJ9j 1 j^^L-ajJI 

. c±!j^>J,l L: ^£. AikaUejjJLI -alialJL) QjjJI j.iLt3 t_Al I jJ 

: £uujUI u^j^J'iJLtLJI u La Li VI 

'£- 4JLa Jj^j-tl 4jJL»J Aj^jJjJI i^ela Jii£. lIUJl^sj *l_a«JI ,Ji«-l Jua jlc CjLe-ifuj_aj 2 1 < --» a -i^»-j ^j-a /«x.jJLi 

£>£, 1 M-WIS tiJj^>41 jb Lai^= 4JUs tiUj J J iaLi^Li udjj>JLl Ja.b ^J i->j untl 4jjjJlJI jl_aJLl S^tU-,..l 

»■ I 1 ..^-»V I ^aju CjJljso Ju9 1 >' H \ ^-1 j ."il *\ s, i^IIja ^ ,, J^-i 1 1 CjLSJL*. ( _ r i£- 4-U_a->jJ^= '- ' ' "'JJ 3l>'- > '^'' * -^ n ^* 

■ l5>=-^ S^"'jJ 03^=^3 C1 ^> I!, ^Jl)- 1 

CjjjjJI p'j-lt (_>ia-*-l JJ ■ 31 liaJ (. 1 1 "1J)J-II 0Jl4i jlj^~" '"' (J^J-Sj jl /«-tij 4^=j^tlll 4jljj>-l t J^s\2 (JjuLA ^j^a JjJ3 

. /^ysLos*- 2\ (JILa OjjJL) aj\ uaj] JljJll > jjj^— > " tjj-i (J_aJ>oj d*jjjl » J ■ ■■^-»i 3j-*-^ (jr^J 
oJl-J j i n jj \ V 4JI j-t£. C1<jjJLi 4J3JL1 Ij}Lljo9 At, „^l-.Vl 5t3ljj (j-a Li!j_>Jkl «.ljj>-| ' ^^l-^*" /yic (J-a-*3 (jr'kj 



^ ^ > 







ClU^J l — i ^j 4JL». ^_ <U-aL>- 4 jo ifrl Li J OjjJI ' ljI^J j^C <L>jl_Lll «-'^(J' *_L3Lil2 aJIjI (_ylc (J-«3-*J (_y<*>J 

I LaAjll Ailtl tlMjJal - t 

2— OjjJI (_iL i nn Jg 1 11 1 l_4_4 4 i ia a he. * I , I Sjlj_>JI 4^-jJ ^_ OjjJI ^_ 4jt g i*iitl Cju^^slXI J-4->o Jjj-*-^ lt-^J 

(_£JJI J^-— till (j-« <JldJ3 J>jJ9_aJlj OjjJI aJ ■■■^— | £>£. 4j>J1_LII (^La^^I «_a JjLtJJ o^j/' 1 "'^ ^i^ (jr^J 

. (jj/Ls-LlI lILjLuj/ jj^a icjjj^iil iy i nlj^aJI 4j^sL>.j <LuJl*JU *'j->- "^ ' 4r t — 1 ^ u> ^! Cr O^""* * ' 

; A^.j^i]| (J-aUt-a (JAuiaJJ dlliLjaj _ 1 

. Cj u l^a-L>J I Aa-a- i"i ^j^a ^j a I -*■"' ■ •■"' (_y&_J 
: A.uLu ujj} > Y 

I JlC 4_l!L*JI 2jIj^>JI CjL>-jJ 2— i -i i <ajJ A-uI^lthJI CjjjjJIj j^^ib L^jj (Jj pjT ("i" d)jjj^= a Jiir" i uJ ^Jt 
I Jt-4> aJlJt" i n ) l£UJl^=j 4_lIL«JI 2jIj^>JI CjL>-jJ Jtlc « a LaUll ^j- gj-L^-i -ij-^-<-' J j^ (jr^'- 1 ^ PAh* 1 ^ ( — jJ J 



^ \r 



2£)li)l3Jb>}l 



JjjJLt! uLSjJM 



jaaA2?l 




: uJJiJI <b"jjj <><l£W 

jjjX ajM-II dyj-J' D"V **.' ' " '^ o^ 1 'J^* 1 (jj-^J Englcr j-L>jJ ^>.jJlj cjjjJI i>.jjJ <^>-j-i <j-"LiJ9 o^ 3 * ' 
jtlc ' ■ s~ * I ^j ../n ^j^a *>^-i ^— > II (j ■■-•" jijisl. i^j^-J' <l>^3-^'_9 0' ( -*- a <— <-23 (j-« /«jj/Y * * Lbj jJs CjjjJI ^j-^ '^H 3 ^ = 

. * oY 2jl>^ i^-jj 

' a-LLiaij CjL^=j^>Ju ^_ A-aJiir" i a\\ Ojj-Jl 4_>-j)jJ 4^-j.i (ja^aj (j| (JLc <Lujj2l CjL^=j_i!a]l '".^A"l jjsj 
<*-»-J-S Jtl£. J-L->>jJ <^>-J-> A — £,0 (j^a »1"imi!I OJJJ >0 * »jlj^>- <*-»-J-i ^C- J-L>jJ ^-J- 5 ^ — ^ 

• f ° * S jl>^ 

JJljso LaLsjl CJa£ fa CjL^=aj^>Jkl CjjjjJ Ja-Li •■ ) I /^ *<-■<" o . A . Ji ^J I j ua!L>< ia I ^— Ui al ^_ CjIjLa 



i \ * (j^J OjjJLI <L»-_ajJLII ^^j£. jjju 4_uj/LiJ9 CjI a Lalj a 0-*-iisj 4_ut-a->J I iJjub < OJJ-JI 4_»-j)jJ 
. ( (jj/ . a . -r ) IS . A . E jjjojjl aLJSj 2I jufc jj^a <_L^= Jjj i njj < V * 1 ~\ * <0*<£*<Y*<Y* 

(<k^jJI (jL^= LaJL^=j < <L«JiAit_La aJjj 1 n jj OjjJI (jl (_ylc <J-S Ij-Lt-i^o jj^ajJI oJl4> jIjjso (<^9j-J' (j"-^ 3 "i^*~~'J 
: till j O^ (jy^^i I (Jj ^^"j ( lUjIt* (_£l ) <L*_ojj_a 4-Jj_u_u jj ( -^»£p' (j' (jr^ 1 (J J J-f^ 3 JJ^J-^ oJub jIjjso 



AJjjiiiill JlJJlj!u d<jj 

" £ Tzn' 


S.A.E 10 
S.A.E 20 


4Jj 1 1 11 11 1 La ' uaj ^ 


S.A.E 30 
S.A.E 40 
S.A.E 50 


1. 1-^ ,U t\Z* <"'jj 


S.A.E 60 
S.A.E 70 



; ' '"j_ '^— Ojj jjb (J-lSH1| d<jjjl (jjjji}It}\ t^JJJJ (_y£- LJjJ ''-^^ a CjL^=j^tJiiI <L»-_ajJLII CjL>-jJ (_yic (JJlJ (JjJu>JI 

. aal",^— tl J^Jl jj'a 4iijii->1lj 2 JjJlAII 4lljj,,itl jj C^jjJI Lai 

^ • oj>ji ^.jjj (j| ^ jjj di! j^ 4 " 10w-30 "r« - \* La>uji j^>j oj>ji i^dJL^ li] ui 

. Y * Jl (J LaJ 4!L>._ajJ ^jLa l_t>-Ljj Ojjjl jJJ^~~ ' ' LaJtlc Lai 
. aJjLJI i>.jjj| jljjso «_iisjj Lajl J W i_ 3j->- Lai 



^ ^r 






JjjJLt! uLSjJM 



jaaA2?l 




. (_>^J-I' jl 4-ifalajJaJL) C^jjJjJI . ^ 

• L" lA^'j tp-^ 1 C ^y> I!, - Y 
La ^J-J-Ls ^j^— da A_taL^= '■^j ^^l^-* (_y^- L^J^^j J ~\J^~' < — J i>^' C> 3 -5 :> " O' '-i'-^ 5 4_lLjjlII oJl4> i_£j_>j 

JjJj LaJtl£. 4Jj daj- <j-ujL^=J,I aI '""*•! J ,_£>-^=JI AjL^III Jjj-ajIiJI f-j jV j-lj^=>JI i_3jla]lj Aj^ujJI 
(_ps^>. ^J\ «d_j^_ij 4 _ y L>-l jJI «LJI aia i u »' jl Jl>- jj^a OjjJI Ja ifa^a Lr^- C ■■;*—-[' * ala. <J-«-*3 ,_uLjjI Jl (j "j^~~ > 1 ,1 




<LuJij»JI CjL^=j^>Jkl s.lj^-2 OjjJI LLaJLca ijTjJJ '^^ (lh° ^^ l>^ 0^ 4-2jj-LaJI £Jl$j (_UiaJI (jy^jJl J^J 



^ ^ i 







: aJiui f.\ j?bA jijib ^jsJi 

. ^_p/jJu cujjJill Jj£.}La . £ 

tiJj^sJkl *lj-»-l (jr^W Lai £ie uaXL LgILu)3 /<uj l£JJj^=JI .ia^**] ,_, ...Ij^—tl ^f ^j 4_JLc CjI^L^j-^ Liisjjti,! 

■ lAP^ 1 

^j-1^* (jjJ3>i' N J »£ ( jr ij/lj^= J] zjl OJjJI 1 O-JJ-JI ■*-» ,: - a *-2JiJ 'LtSj LJ a-g Al Ji-Jr" i iiVI X-jLfu 3-4>J 

j^jj *U Jjj-sjlJI f-ljjll (Jj-i£=3l\ 4j|gltl (J) LiUj^aJI -ia-a^l £- l£jW^' J^L>- °d>^ h J '- t ^ <^> LilJj^aJI 

^j_a S'iIjU , „Vl ^jIjJl^. ^J) <3e-ua\ I LLaJLca Caj r-j-j>oj (Jjj-a jIlI I f'jJJ j^j '*— ■ II 4_iL#i!l ^_ ' '^"j."* £■ *d>^' 

i~il al g i^.tl *_a|jj SJla£.I (J^L>- <~" *< t L<aJI a i—S^JLlJ! (JjJLilij icjjjj^a (_^jJLlI OjjJI x-SJoj /<u (j-aj (Ji>-I JlII 

i^yz>^2*- J I 2.iajdL) CjJJJI ^j-a *j^><J 7r a i nj^a JaJLLa ■ Lta^l JljJl^cjJ (_^3L>- -aLa-i^s CjJJJI ( ■ i " f ^_ ( '^""'JJJ 

. f\ • ■•' f\ 7~^~~' £ — T ^j-a ajLc OjjJI JaJLLa ,jj^~~ » *J '■^j-'' 

. ( 1^ )J^- (Si 'A- 1 -i^— > jj^ 1 — "'"' JjjJ-II oL^a j — a '2- Oj}JI ajJJi 



> ^0 



AaUJfiJb-jJ! 




REDUCES 
FRICTION 
AND WEAR 









1680 



DEADENS NOISE 



alj^X\ 2_ oypl Sjjj ( ^ )J^ 



ABSORBS 
HEAT 




SEALS 

PISTON 
RINGS 



CLEANS PARTS 



. ( i_<Jj^>Jkl <JjL-uI OjjJI £-<^>^ i^jJI J-^J ) <— ^lP' ?Lcj Jl l ^*d3-^ L)l>** 

. ( t- i TT l ntl ^Jjjjl Jrt r ill A. 4-UjUL^a d'ql i^a ^c. ojLlC /yjkj ) 4jJlJJlJ>JI OjjJI »' a Lax 

. ( («_il J ^j iijlo LL t - a 

. ( dJj^sJkl *lj^*. 2 OjjJI (J-2-U Lj p3\ (jr^J ) <-^£>-JI CjIj_<i-4 

. ( (_tjlj) Mill (j_<a Oj^JI /, fl uaj (_£JJI J-&J ) ( ^i>^'^-^- a 

( CjL^=j^>J,I ^j^» ' 4r Jl>-IjjJJ OjjJI JlJ^jjJ (_£jIjj>. (JjLlA jj^ 2jLlC J-^J ) *— *d>^' -^rf^ 



Y 

r 

i 

o 
1 
V 
A 
<\ 



\ n 







aj La-i i oJl ' i La » i a 1 1 p la * a j Sj ij LaJI i_ tjlj Mill 4-Iljl I vUlflJI aoJLj i_l!j^>J,l p i n~>- ^_ OjjJI Cjlj^j^a J J p" j"l Atl 

J^-— J ^^— j— "^ f-jj^/lj CjLialjJIj CjLaL^aJI -ij-a^lj LdJj^aJI -ij-aX. JJ Cjj}JI J-<WJ < t::j £p' ilaJLLa JLl 

4_lL>- I jJ I «.ljj>-2l Ccjutj-Li aj-5j 4Jb9 i_l!j^>Jkl J^al^s- <J^L>- Ojjjl <— i^ i n" < La Jtl£.j t 4^=j_^lU «.lj_».2l 

. ^jj>-^?I e.\jA?\j ^,,.1^—t I jjLLi Jla ti!jj»jJJ 

udj^sJkl ^_ <LaJuie 1 1 *lj_»-2l JJ JaJLLa Coo 4jl3Jij OjjJI (j'j-»- (j-« O-JJ-JI litmi J^- '— x d>^' ** * '^* >a (J-**-* 

J o" i nlj AjJjJlII jl 4J3JL1JI -i'jJj (j-« OJJ-JI ' a-Ua-ZLl 4.3e 1 a I , I (_U^3 OjjJI <_L>- Jua ^_ OjjJJ aLa-ua^a ( ■ ^— >j j a 

c '"" ^ LaJLI ^j^a (jLcojjj ^jLcjj LlILLifcj CjLaL^=JI Sj-aX (_y-^- A^J"" L>"^H (JdJ-* 3 L>^ ' j'^-'j > 3 ^- ' a I , I 

. sjljjJI <Lse-LaJL I 9 ^jj/j^pJI <ie-La^a 

: ^JU\2a>oa.\ 

jjjj^jJI JjJ^J LaJi-icj ( <iJLftUtJLI ) 4_L>-I Jail ^jj/j^pJI ^j^a r-aj ^j-« lJiJLjjj (j-u_upj| CjIJ 4 V 1 a I , I LiJL>- aJl-Jt") uJ 

rjL>- JJ Oj)JI f-SJ^J (jLu-u^l ,_U>.| Joj LaJtlcj L^jLuj/i (j-V .iaivjJtl j-^il <ie-LaJL I JJ (_U>-I jJI OjjJI ^Laj 

lLs-u aj (jl (_o.j ^j 'j^"- (jl_Lij/l CjI j (jjjj^j aJlJt" i 11" i_3L^=3 ^3^^ (jr^- (J J ' a "" ^ ^ _? r^H* 1 ^' ^^ (j^ <ie-LaJL I 

( V " ) J^— ifuJI 0-4^3 ' «l jL>J,l 4_p-Lj (j-o j I ila-pJll JLc *lj-<-u <ie-LaJL L Oj^JI ia^c. ,Ji«-lj <LaLj 4^JlJ 

. jj' 1 -'-"^ CjI j 4-Se-La^a 



> ^V 



AaUJfiJb-jJ! 










INTERNAL 
SEAL 

FORMED 
HERE 



INLET 




NTERNAL 

SEAL 
FORMED 

HERE 



(jj/j^pJI CjI j OJJ ^s&jua^a ( V * ) J*— » '"■ 

tSjijjui^Ai^m.u 

Lajtl£. (Jji«- jJI i^tla (j-a ojjJI (Ji«-JiJ LiUJJ £ ajjLj jj£ ji_^=ij 1 a-g-Lu £aL_ol,L9 i_£j^=j_a V <Jj^1 u'jJ- 5 

•»■ j i ^"' Lajiicj £ 4_£e-iiiX! rt i n~>- ^j-a jj>.VI i_»-)l_>JI ^Jj 4^=^>JI ojufc 4 La i ul aj <_Luuj_)j Sj '.' *""""* ^' ' "-*' >j J *""""''*' 
4^tjjj dJJjj 4 V i >» 1 1 p , n~>- /TjL>- (J J i-laJLtia C^>o r-j)j^>JI 4^*112 ^j^a OjjJI /7j-><J > j' : — -■ a ' La jJL-al 4-3l . »U 

. *"" ae .>>t I £ys pjjJI I Job (J-Laj ( V l ) J*— i mllj £ tj'jjjJ' r I *'l j J*" J '* LtagJ 



NNER 
RDTOR 




ajljjJI OJijJI 4in>,a ( \M ) J^auj, 



^ U 



AaUJfiJb-jJ! 










<&jX\ 1 Jjzjul£ CjJ^JI {_yz jjl^=d\ * J -1 *~ ' 4 fl I" V U «.ljj>.2l Jl AJeoJai, I J^ujj 4_i]ui d)Ul^ i u > L£jj^>Jkl (j'jJ-S JlIc 

(jlj_>JI (Jj pj3>.jJL) JjljJI OJJ-JL) 7t <\ i n tj a I i lqJI -""--''' ( 'j I La 1 , 1 Jtj>JI (Jl dxjjjl JajLiia J uaj LaJtl£. vi-f^- 

. ( VY ) Jj^uSJI 4- Cj^ J* U^= 




UTLET 



INLE 




CLOSED OPEN 

(jjJJLoj 7"S' '" " ( — J dL}"^ JaJLia aU^s ( VY ) J^~* '*■' 



^ H 






JjjJLt! uLSjJM 



jaaA2?l 




. Sir i>>U 
«.ljj>-l J I l_<-fi>JLJ (j| (_Ll2 4 he • a I , I <>->J_aJ l^J^' ( ^*^3-J' L3-^- P 1 " '"'J- 1 fklJJl <— >Lj ' " »2M l^J 7r i"ij-ll A* jir" i nUJ 

I JijJ i ii a j Mi->n 7C-LLO I La I jl (j,^*- aLLJI ulji ii <zl (_£J 7t i"ij-II (_>"lj Ar LLaJLuail (JjLs j-<£. (Jjj^so a La-i^aj Lajlj 
s jL*JI ^_ (Jj^cjJI ALaj-a (^ t '^JL3 ^JJ-^ 4r ( —*d>^' -J ""' ' ".li i""""*"'^ a La-LaJ I OjjJI JaJLLa x-3Jij 1-ijLi OjjJI jl 

. ( VT ) J^— i ifuJI j laJI ( 4j<-)j_a S^a^j/jjlaj Y * — ^ ^j-Li La 7tlij («t-_po 



Spilng 



Oil oil 

InJdl Oullel 




BY-PASS VALVE INSIDE 

FILTER HOUSING 
X lc91 



BV-PASS VALVE IN 
MOUNTING PAD OF FILTER 



( vr ) j^~i 



u. 






JjjJLt! uLSjJM 
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• < — *d>^ O^J-*" Ji lO^I 'J - * 3 ( - J dP' A?*^ (jLa^fl 
^j-a OjjJI j-*j_J '—^j-^ a "*" '^ a 7^*-* £y* ^ a ** - ' " ' ** ' ' " ' J ' *"' ' " ' ( —*d3-^' T '"J- 6 u' ' "*" - _U? ' ^ a A "** ' '"' 

• v Cr^- 1 <— *d>^ lP 3 -^ 3 *" lM* - '- 5 '—^3^' f - La - ~> l£l ) '—^3^' 0^3^ iJl ^"^ ' ".'.< 



JL! JjjJ ' *-- t j£)-^ tiJj-3B-*iJ «LJt»is ajLclj O-JJ-JI f-uvreTL? <_l!j^>Jkl (JjLuJ ^_ xJL) «.Lcj j^j£. 2jLlC J-&J 



.( Vi )J^i 



OIL 

COOLER 




(VI) J^=u 



HI 



AaUJfiJb-jJ! 



jJiT\T 
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pl 


(jL?- i"i 11 3jJl9 


r.p.m. 


n 


(oljjjJI ^Jl£.) (jljjjJI ItLJ-LM 


kg\kw 


mp* 


o )Jl^JI fjl tjjijjl 4 1 1 iM 


bar 


P 


,u;,Ml 


kw 


peff 


4JI t<i1l ojJlIII 


bar 


Ps 


I ,-»-,, ill 1 t->» !>. 


kw 


pred 


iUpim ojjlUI 


bar 


Pi 


(^ll^H^l.ltl.Ui.rttl 


kw 


pf 


2 .<£-,! ^-^Vj Sj..5t| 


bar 


peff 


(^li^lt jUiil ,u;,Ml 


kw 


psc 


C, ,„^_tn sjUt| jl .*. Sj.ia 


bar 


Pmax 


j(j-^Mt ,^aVl,Li,^ll 


- 


h 


2 i n -»-^t| 2 ,1 A^-,11 


bar 


Pc 


,Uli ,^* t \l t M^tl ,U. .Ml 


- 


A 


^la-JI 4 1 1 iM 


Cm 3 


V s 


1^— ill iUj,~ill ^ -»--». 


kg 


niM* 


Ojj^J.1 (jjj 


m\s 


V 


<Lc.j 1 nil 


mm 


1 


JtM^J^' ^'j- 5 lW 3 


m\s 


Vmax 


j „l .^-.11 jj-j , ^.Sll 4<-j , „ll 


- 


SVcr 


(J-u^jjJI p'j-i 4 j 1 11 1 


m\s 


V m 


^„| ,^_,H iU. ..j"t,l 3<- j , „ll 


kg\h 


Bo 


JjjJyiJl <— ■ <i) tiJ^i^Ujjl JjULA 


m\s 


V g 


jl ill 5 U , „j"t 1 i<-j , „ll 


g\kwh 


bo 


JjjJjIiJI OjJJ (^jill Lil^ g*ii 11 VI 


mm 


r 


j u S 1 1 1 ^ , ^. 1 


t 


& 


3jlj_>Jl 4j>-j.} 


kj\kg 


H u 


4Jj|j_>J| 4 orttl 


t 


& 

*~s max 


(3lji>-!VU ^ji^iSII 3jlj_>JI 4js-j^ 


Cm 3 


Vcy 


(i».!j^M) 4JljIa ■■■>! 1 lLj ilitl j-p. 


t 


3 C 


, Ul i , X iVI A il ^ 1 *j 1, -^ 2 ~^j \ 


Cm 2 


A 


jj ,il 1^—1 11 4-»-l , ,1 a 


s 


t 


aL^-X-^JJ 7Z-U2J] /j-°3 


mm 


s 


., ,.l .<— 1 11 1 I-.* ,"1 


Cm 3 


Vcn 


Jjljis^l j_p* 


N 


F 


ojill 


Cm 3 


V c 


iL-il • i>\i VI \ i~». 


N 


F 


j.,!.^-.!! I<- ^j~jtl aaSTJ 



JJ^J 



) it 



4»JljJ!3jb->)! 









3i*^)l 


JAji\ 


\u&s 


SJb-^JI 


JAji\ 


Xl&I 


- 


S 


, U.I • ,x iVI 2 . , ,. i 


N 


F B 


J^>J,I ^yic ojjjJll 3j2JI 


kJ 


Q 


3jl^_>JI 4_i <\*—- 1 


N 


For 


(JjJ^JjJI plji (_yic- <^>3j-ll SjJlll 


kJ\h 


<t> 


Sjlj_>JI ill^l g"n ill Jjl*jj 


N 


F n 


4_LJjL>JI Sjjlll 


kJ\kwh 


W e ff 


OjljjaJJ j^jX.jiJI <*t\l j"" "VI (JjU«-0 


N 


Ft 


4_t_ul_4Al oaJiJI 


- 


TJ 


iiU^-itl 


Kg\h 


B 


JijSjJI <jl%£uui\ Jjula 


- 


ft 


4 ,\l i.tj 2 ,1 A^-,11 


g\kwh 


beff 


jji^i! jyijiJI aJM^L^VI Jjula 


- 


ri 

I m 


2.l^,t| 2.^,/.l^,,t| 2.U^,t| 


1/1 00km 


k 


.JjJ9jjI ' il>l j" i ul . U , ,,j"i ^ 


- 


V* 


X \l A", ,„tl 5 ,1 A^-,11 


mm 


r 


(3" a ) J ' * ' -"> ' 


mm 


d 


d ll aU.^VI 1 rtu^i . I*nA 


kg 


m 


4 (ir i"i II (j\j 


Cm 2 


A 


4 il *U-» , ,,VI .USaJ-vl.na 


kg 


mf 


3JljJl>JI 4 Lse i~i 11 (jJ9 


- 


z 


,-,IMjU,„VI vie 


kg 


mthi 


4 jj la * 1 1 4 i •» u,i 11 tjjj 



LJ9j_i£. ♦{♦ 



\ if 






JjjJJIuLSjJw 
jJIYW 



j-i—Ai?l 



JjJJ djJL«J>Jji djJW ,jro 4JjL_w 



SAW (DIESEL) Jjjj -Jj.^ 


U1V (OTTO) j3jl _Jj_« 




n^T- U0AJjj.x_iJ.iju 


^ A^^ - ^ avy _.-,„? ,- 1 ^ ,.Vj^- ,-, 


gpUl 


_i^_3j <J_La 4jt_3Jj_a <jl-J--^. 4->-J-i J^ A2^i * ^-4^-* *— J Jd3 




_>.jj ji -^J^J : *— i— *■ '— 'Jd) 


jj^jJI (■ \jli\ 




. J2j_u-_!lj ^] I j La 2 11 CLujj aL>J| OJJJlj (Jj_ijJl 


2jjL_l j|_jj.lj Jjlr^llj 




- 350C : __3l_jJl JL___VI 3jlj_>. a^jj 


C450 . . . C550 •. ,___!( jJI JL___"^I 3 JU _>. ;_*,_ 




350C 






_,l",,„ p«j "I'ltl Jl." .I.M t 21,1a • ,-,l,lU"tl 


Octane ) J_=. £)___=jl ^j . __3(__J1 JL___^I LojLla 


,-,! ,IU-,U 


(Cetane Number) Jl_. 


(Number 




jjl^lJ ^-Cj-cJI _J>L^__u'^! Jj_ua 


: J_l jj miVI ^—juj ^j , , __a a j j dljjta 


Jjj_< 


: __!j_lV! (_— jL _ 3jLu_J! _Jj__a 


400 - 600 g\kwh 


al%£L^y\ 


260 - 370 g\kwh 


280-430 g\kwh •. Jal^Vl ^LS 


J_J^_jij ^y-.J-j' 


200-340 g\kwh : __I^S,Vl ^Lj 


*. L__>la___j2l ^-jLtJ (j__L>Jl l_Jj_3&o 




200-340 g\kwh : i ;, A , „ t! _Jj_« 


310-500 g\kwh 
270-430 g\kwh : J_l^_Vl ^Ly 




, 1 1 1^> : ^Jj)_>jl jjaa. DDKs t\ji /j,\c 1 - j^'M'' 4ja_J 


>______) : Jjj>>_)i j Lao. __*J)t_/ m_o e'j_-Ji : 


, ^. 1 rt A II .i It n \ 


__!jj_VI (^L—j ( __c.Lij 


l__>Ij___jVI (^--JLtJ 


__lj_iVI ^^Lij 


i <1\) j", , „1 Jj_uo 
J_4__4J! 


2 -i_^>- 'i i " ' " • _ _L !_>_5 , _pj' i^l) —-a jj^ J_J 


J-aJ^> 3 /4 Jl l 7 -^ 


4£j_i )t_a J rt ' __a J^>- 


U r 1 uLLa 


^'"U ' " ' j" " ' ' u"" a j'" ^jj'j "*■ ' i^— 'I 


4_JL_1 (Jl 4__a___jaILa 4_Cj___j 


d Iq i --j" q tl)M-3 J 




. -J la ■ oflj rt m lift J 








/ j", (i 1 i < Ij -» . *, ,9 d li> , U, 3"a J 1 1 1>. ,, 1 3 , j 1 <- 1 


ljijj-i ^-Cj-J-uJ JjO-_== J-<^ 


i____tla (jljJJ ^>" 


C i i uLLa )-lC 


■ U^-- 3 ' jl J-*-— ' ' o'jj- 3 — jL— j__ 4r — -LJij 


(-*- , ,.-^— i i~ll Nj£^-t) d * >s <-» -s- ^ _\ 


AjJLcj 




%33 (C) jju+U! >L 


%33 (C) jj^U! ,U 


4jj!j_^JI 2_jl^J.I 


%29 (R) £!__% r _|j_. 


%36 (R) ^L-ilj ^ ^ 


\A la ■ oflj ^ (^-3/ 


%7(F) <'tl*-,---l 


%7(F) ,'tl^-^l 




%32(W) _lfi.«U f tfAtl 


%24(W) _l«.«U,UAtl 




%100 


,.--^ %100 








, U£<* r lj tl (,l-.i<x) ^ ,. .-^— , i ;^- 


,U ,1^11 C .U;,^") j.. .<£-, ,;<- 


' Laj-L>J| jjj^" 



> ii 






jJIYW 



2UfiljjJlu^5f!"iu2j 



Lli-lji ilaaljjl Jjj*^' 






LLi-Iji ilajljjl Jjj' £ --* 



jMjU ,„VI £_ ji^ajJI ,ji>. 

Jo i_tlli a I <■ ("Tin) 1 Lla q ~n s LJj I 



Ll>. \L> da tL>J 1 V 1 ^ 



^J 



OiF 






^ja-OJ^m Jla^aJl *■ J i ^3 \ LJJLJ 






c^ 



kZJI 



(LjjJaj) C^-illi ' La » i a Clxi Jjl^s-I 



zl A-lUx. (Jl^Ja Lljj_Sj Qju j<u*^>J! t jj^--'_' 



Jjj^ls-^M ^jl-r - 



tix; 



BLlf.' 



.TD'C 




-tJI 



- V,v 



-v- u - 



II 



IU)i 






CK" 



ijLs 



»w 



JL>. *\ Li^B 



%10.%30 



f IjjJI i_>^JL9 



%1000 C7 ^. 

Lps %40 ^ 

^"/olO- %15 

JiVl 



J J <i t" I ' 






cK"-^ 



>w 



15%.. .0% 



%30„ %40 



Jj£j : jiljjb 



1:17 



1:14,8 



1:13 

1:1,48 
1:15 



1:10 

1:7 



1:3 



m J) ^-— 1 1 1 dag-La 






rij* i^> (JulLIu^iI . 



1 1^ l ^- n 4 1 . t^ * t 1 4 ■ , ,i *r 



/ji£. o la * 1 1 o \jjijl 



^ si , V.aVI . <t\l j*i . „*JI 



lj» (jlc J^>- OJ-4 

(j'it (JU" uiYl Jl>- 



(^ylc J ji iVit l t Jj 



^ £« 






jJIYW 






jjji d)Mj pji djjw ^u *ajjLm 



(DIESEL) Jjjj udj^a 



(OTTO) l£J 



IjJCA 



22 ^ Jl 14 ^ 
55 bar J J 30 bar ^a 

900 Cjl 700 C^ 

*'V 5 J^ ^J- 5 Sjl i3 

}Lla JI«~,uiVI joi-tj 



12 ^Ip. JJ 6 ^ 
lSbarJI Sbar^ 

600 tj\ 400 C^ 

(«^EJ»JI Jl SjJlSJI 4 I I n t S-iLjj 



Pc (^U) 





BDC 



<>t.-L>.j t 4-Jlx. <L>.jJlJ ct^Jt JaJLLa .-sCu 

0.001 s 

OjJ^ Jl (0.002 S (>aj^=!) fjMJI 

(JjjjJI 3-^) ^L*-^ j-^h-" csLh^' 



j_j>-jL>. (Jt i ii <i \ 4j1 t i*ii| («-i (jl *"i i*ii^U 

((Jl *" i*iil 4 t ami) 
4jjL«JI <Cj mil 

25 m\s J! 10 m\s ,> : JjIp^M! 
300 m\s J\ 100m\s,>a 



iSlH* 



j^VI 



i in 












60 bar - 90 bar 
2000 t - 2500 t 

500 1 -600t 

32% - 40% 


30 bar - 60 bar 
2000 t - 2500 t 

700 t - 1000 t 

22% - 30% 


Pmax 

Jjlj-l-^MJ L gj----t--JI 
max 

j-_-c ;oL-JI oljLc. 




lc.j___, 




JLlC l_-]j_>Jkl 

lc.j___, 


4-L<a-re->JI 4 1 1 n ill 


Ic.j___, 

obj J 


Ic.j___, 

obi J 


lc.j___, 
4_j_-Uj_a 


Ic.j_._u 

obj J 


7 


5,5 


3,5 


12- 13 


7-11 


6,5-8 


C02^j^'l 


5 


5 


3,5 


10- 11 


9- 11 


7- 10 


H20 *UI jUo 


10 


12 


16 


0,1-0,4 


0,5-2 


1-1,5 


n? £« -». , „'^-.jj 


0,3^ 


0,1 


0,05^ 


1-3 


4 


4,5 ^ jat 


J 1 Mlf=.j| (Jji 

COciK^tl 


- 


0,1 


- 


0,1-0,2 


0,2-1 


0,5-4 


H2 o^>-_5j ^h^ 


Ljj^j 77 


LjjJjj 77 


Lj^Sj 77 


LjjJjj 76 


Ljj-23 74 


Lu^jSj 71 


N2 _j-L»-j_pj 



> iV 






JjjJJI uLSjJw 
jJIYW 



2UfiljjJlu^5f!'iu2j 



. CO a^j-^ 3 - 11 



0, j^ SIP" o 1 ! ^L^ 3 -"^ lilp^ 1 

. CO (JJJ^lJI JLuu^ajt 




WOO M0C..|""-TO0 




j-t^= obi- 1 ^J-" 



ZOOS WOO r. P .m 6fl(» 

dJj^>m (jljj-i <lc.j_i_u (j^ii--*- j I *-3j JlIc 



pljVl diLi-be-La 



1500 r.p.m - 5000 r.p.m 



4000r.p.m- 10000 r.p.m 



»aVi j^ji 



jjljjjJI icj^oJ 



5 kg\kw - 9,5 kg\kw 



7 kw\l - 30 kw\l 



2 kg\kw - 6 kg\kw 



22 kw\l - 55 kw\l 



Jl SjJlSJI 4 1 1 n s 



\ th 






jJiYW 



iifiijjjiu^sfriuSj 



<*«JI ^u,b ^li^lt BDC U,„tl iLJLl UaAtllj TDC Li*JI SlJll iklHI <£j ->jJ^J.1 j^pJI ^ Jil^ 

: a_JLUI iliLdl ^ ^j^i ( *\Y ) J^-i.t.Vcy ( ^IjVI ) ^j-^l 

d 2 .n 

Vcy = A.S = ^ .s 




( <\Y) J^i 



. ( Cm ) sJl^-^J 2MjU.„\1 t JajjfoJI 



V 



cy 



. ( Cm ) e JL»*_aJ AJl^J VI jia^ = d 

( Cm ) » Jl^-^J SMjU,.NI *_LaJLa i^L^a = A 
. ( Cm ) sJl^-^J (jlj^iJ,!) JajjSJI J^oia = S 

. r,u = n 



V cy AJljIa^uMJ lLj^lJI j_p- Jl3-jI £ d = 84 mm ; s = 80 mm aJL^= lij : J Ha 

Vcy = As = 

nxg.4 2 cm 2 Q 
x8cm 

4 

= 443.4cm 



\ H 



2*iljJI3Jb>}l 






2utijjjiuY5nia 






Vs = A.S.Z = 



d 2 .n 



s.z 



Vs = Vcy.Z 



. ( Cm 3 ) sJl^-^J udj^Jkl Sjlu = VS 

. .~il*<ljU,..VI jjt£, = z 

. Z = 6: dJL^= li! 

. Vcy = 443.4 cm3 

. (cm 3 ) Sju^-^j tiJj^JLl <jLm Jls-jI 

Vs = Vcy . Z 
= 443.4 cm 3 x 6 
= 2660.4 cm 2 



^o. 






jJIYW 






uj-kaj 4_il i n~>- 4 ' j » i a 1 Ij-la-i t La (Jj Ltuj ^lli! Li 4 "it i u Sj-iLt.a-1 ^jLp^^i I p kui a A. . ul « .XiVl ^_p. ij^-J-*J (ftTu 
•- La mJl 4_i i-la-p<J (_£Jl!I j-ir'JI lillj (jr Lc JjLh^^' ( ^Sj-C- ) j-^»- 4jg in" Jj I LaJJ £ JlSjlX I 4JL^=ui <_ > j mJ LiUjij 

j_p- ( Vcn min ) JjLh^-^I j-±^ c^- 5 ^' J^' J^= L Aii ' "'JJ^ *^-"' 3Lh^^' JtP* J-j-^J ' f ^^"tl 

.( \X ) J^r;, ( Vc ) JaLL^VI 



TDC 



iy-l-4-ir 



I 

K 

- H" 
TDC" 


<3> 1 


L 



( ^r ) j^i 



Vcy + Vc 

8 = 

Vc 
Vcy = Vc.(s-l) 

Vcy 
s-\ 
Vcn max = Vcy + Vc 



Vc 



TDC 4-^1 .■*=-■ II 

Vcn min = Vc 

BDC^-^lj^-ttl 



. JoLLuaJ^I 4 1 1 m'i = S 

. ( Cm 3 ) a Jl^_oj .UU.VtVI J_p. = Vc 

. ( cm 3 ) « Jl^-^j ^Lh 3 ""^' JtP- = Vcn 

.( cm3 ) I J^>-_aj JjLm*-^' jrP 1 ^ (jr 4 -^^' JL »^I = Vcn max 

. ( BDC SUSit l a. ^li^tl ) 

. ( cm 3 ) S Jl5-_oj JjLh 3 -^' JtP--' cr^-^l jl>JI = Vcn min 

_ yoy _ 



4»JljJ!3jb->)! 






2uftljjJluY5riiu2j 



. Vcy = 366 cm 3 ; Vc = 47.5 cm 3 : jf <^*- \'4 ( e ) JaU.^VI 



Vcy + Vc 366 + 47.5 __ 
s — — — o.7 



Vc 



47.5 



Vcy = 49 cm 3 m ; s = 6.5 : dJL^= lit ( cm 3 ) S Jl^jj ( Vc ) JaU.^VI 



.. Vcy 49 QQ 3 
£-1 6.5-1 



( 8 >kL*tiJVl'^UtJ 


d>*ii & 


6... 11 
14... 22 





tj\l» 



x j*n 



sJLw 



tjafl 






^et 






jJiYW 






Q 



* 



j TDG 



J i ll i n~>- /^lAJ ^laj i " 1 1 4 I I ii ill 




k<l 


Jaj i ii ll (Jjjia uilj^ta 


d <j-ajj^3? S 


k=l 


tlaj; i ii 1 1 f-ij-« t-Ljj^ta 


d = s 


k>l 


' J '"' ^) ' ' "" * ' * J "*■ * 


Q (j-« jJL-a 1 S 



d 
s = k.d 

d = ^ 






: uu?- 



( r>ljU,,.VI jU ^IJ JajjfoJI J^Ia 4 ,ii.ii*i ) 4_JajjiJI 4_±iu-L!l = k 

. ( Cm ) SJls-^j JajjSJI Jjla = S 

. ( cm ) 2 jl>._$j r.ljt — VI jU = d 



k = 0.6... 1,5 
k = 0.9... 1,5 



: A&xU 



j3jl CjL^=j_^a 



)0T 






jJiYW 






. 2MjU , „VI jjj/lj Jtlc L^3 T " (JJSl i—ij i n" «_La CjIj l*il~>- ' •^^~'J~ - V 
. 2*>ljU , ,,VI jjjjIj jl 4J|aJa i ujl 7c_JL>o j\ JjijJu . X 

. ( iiaj) Mill j^ - *- J '.'^~'"' \S' ' ~j *•*"' *-^yJ j' ** J ' ' J f J ' "3^ ■ ' 

,\*\: ,^'»VI J_p. 5-LojjI '2— OjL>JI j-iATlII ,«l£. I jj .UU ,^'.\l t SJjJl^JI 4 ,i,.,iitl <_ll ui> J 1 ^ i_'j 

. L4J1 aia 1 ul lj^>- VC] jl jJLci g) JLuaj (_£j^>o _£ jJI j_L>J I j-p-<-i <— il i n-stl s.ljj>.| Jtlcj 



s' = 


Vcl-V c 2 

A 




n> 


s s 




Vc' 


Si" 1 S 2 " 

= A.s' 


1 


V C 2 


= Val-Vc' 

V cy + Vc2 





V, 




! =A, A, 



: uu?- 



,UU ,^'»VI 5 jLj ,Jj1 ( cm ) l Jt^-^j .UU.VtVI j_o- = y 

Jal » ■^«iVI iouj Juu ( CHI ) a Jl>-_jj i to I » LJaJ 2(1 j^- 3 * - = V 
. S.}LjjJI (Jjj3 i Lai » .^'>VI 4 j i gj = C 
. a-luj-JI Juu i Lai i tiaJJI CuaJ = C 

. ( cm 3 ) I Jls-^j .U1».>.*iVI j_p. 'A-jjii,^rA\ = y , 

. ( Cm ) a Jls-_o,J .UU.VtVI J_p. pUjjl Ig-j-JtTjl = s' 
. ( Cm ) I Jls-^j ila_pu.it I J^Ia = S 

. ( cm ) »Jl»-_o^i 4'>IjU,,.VI . Ux^ 4_».L_u_a = A 



\ot 



4»JljJ!3jb->)! 









: ^uLuJtSjJUJt 

Saiaa. (Jjl (j^J ' 4-JI jia i u3l £- <-— »'3* - *-' ' ' * ' a Lh* 2 jJjJLI isjjJiJI 4.a_i3 L^JLi i_l!j^>J, <Lul_uJI «jJl2JI i_3j_*j 

^;^~"1_' L^J^? I j laj A^uLu »jJ^9 (j, a i uJj i tl!j^>J,l IL. 4-JT 4Jsl_L Jl -SjSall AjjIj^kJI AJsLLaJI Jj_^>o LfcJU£. pjJ 

(Ja.1 J i La » i a 1 1 (j\^ 4J9^L*JI Tciisjj (_£ jJI j-jLljJI ^^ylre-LU /<u-uj-i ^J-^-i J-&J ' 0"4-l' j^- 3 * (*' ^ r " ' "" 'J ' ■•_"' 




BDC 



(\OeM 



CjljLiJI ^j-* 3 <*_uiLul <LJVI 4J9lJaJI jl Juia :*■"<" i u i (jl t-l!j_x-aJLJ tJ-uJU ^^ylre-LU 4.3-1 . u a ^jj/LjS ^j^a I **^-» a «j 

. 4_ul_u]| LgjjjJs LmiVi lIUJljj 2*tljU,,,VI £_ 4^L>Jkl 

4X.^_oJ! <LuIaJ fl) 'J^""* *' CjL^=j_>J,I ^yic t-i!j^>Jk1 2jjJ3 ^jjjLlSJ 4_uLuJI cliLtlse-UI aI Jiir" i ill ^ ^"^ia 

(_)JaJi ' p^l LaJ j uju _llc J|j_ljJI i_l!j^ta cljs! 4_i_uljjJ 4_uLi_J! CjLilre-LU a Jijr" i »" lLUJl^= < ( A La ■ -j" 1 1 jl ) 

Jtl£. jj^=I ^JLi-i »jJi^ J^*'** ■ jj^a -- i ajj jl t tcJJ . . (jJL>JI CjLoLjj^s i ^I^H^-VI i^j-C. (_p-« ' 4jljj>-l 

'£- 4.JT 4J9LL Jl 4jjIj^>JI AJsLLaJI J^j;^-— I ^rf-*^= Jd^^ j^^~- a^L? 4J| -SjJ^aJI <j-a sJJi^ia ij-*^= Jjlp 3 "' 



\ ee 









2uftijjjiuY5riia 



feljftM^Uft 



= VsPrn 

P> 600 

FrVm-Z 



P, 



2000 
2.s.n 



Vm 60 

F.=A.p 1 

p.CNXcm 2 ) 



Pr 
P = 



Vs'Prn 

1200 

FrV m -Z 
4000 



• vtanrnnF 

. Feff jl JuLy Fi ^£. j| Peff jl JuLy Pi ^£. ^",^,1 ,„tl ^"^.^tl £_ (jiaj^cdL Peff C;r Li Jj<^i-*JI (j^~"ij 

. ( kw ) Sju^-^j LuLJI SjJlIII = Pi 

. ( Cm ) a Jl^^j (j^L^=JI j-LaJ3 = d 

. ( Cm ) 2 Jls-_jj ^..1 j^—tl ■k La i ■■ i>.L_u^s = A 

. ( m ) aJla-^J lLsjjoJI JjIs = s 

. .~.r.ijU,..vi jj^ = z 

. ( bar ) e Jla-^J -j-.tj^-lt (^LuJI JaJuiaJI i La i ..j" a = Pi 

. ( r.p.m ) Sj^-^j <-djj>Jtl obi- 5 *^j-" = n 

. ( 1 ) 5 J^^j ^l^^tl lLj^JI («-==->■ = Vs 

. ( kw ) SJls-^j Sjlrtiuill 2jJl1II = Peff 

. ( bar ) a Jl^-^j (j^L^ai! JLtill .U:,^tl , U , „y, a = p 

. ( N ) 2 Jl^^j ^..Ij^-lt ^LixJI .U:,^tl jjS = Fi 

. ( m\s ) 2 Jl^-^j j-lj<^-lt iU...y.\\ a^.j_uj]\ = Vm 



>e-\ 









2uftijjjiuY5riia 



jiJl£. t s = 72 mm JajAJI Jjla < d = 69,5 mm i 2\\jU,.S\ jU Jalj^i^l ^yiLij Jj^-J l£!jj»^ 
^LixJI .U:,^tl , ta i -j" a ( n = 6000 r.p.m i_dj^>il obi- 5 ^-J-" < z = 4 olJl^l — VI 

. Pi = 7,7 bar ^Ij^-ilt 

<Lul_uJI 2jJl2JIj £ ( 1 ) sJls^j ( V s ) /— i^aJI Jaj) mi J I («-^>- <j-° ^L^= '- ' i a> I 

. ( kw ) Sjl^^j ( Pi ) 
? Jail 
n.d 2 n.6,95 2 cm 2 . , 

V = — — .s = .7,2cm = 

Vc y 4 4 

37,94 cm 2 .7.2cm = 273,17 cm 3 

Vs = Vcy .z = 273,17 cm 3 .4 * 1093 cm 3 = 1.093L 

V s -P ; - n 1,093.7,7.6000 



Pi 



1200 



1200 



42kw 



P, ! 



Fi-V m - Z 1800.12,5.2 



2000 



2000 



22,5kw 



sJLm 

: ^Jt «Gul_u Jalj i"i^l (jyJl-tJ (Jj-lJ Lilj^eja 

. F ; = 1800 N ; V m = 12,5 m\s ; z = 2 

. ( kw ) SJls-^j ( Pi ) 4-jJLxll ajjJill (. (in-wl 



^«V 



4»JljJ!3jb->)! 









. ^LUjiJ|3jjL4)| 

3j|j2/| Sj ^<r Jl^£. L^J « flj 1 1. 1 4_djLdJI 3jJlH!I jl JuLa (_ 3 -&J < lLsIj J'J^~* " ' ci-!j-a-«Aj 4_tLaj_aJI 3jJl2J! (JjjLlS j«j-! 

^ q in I jl g->i ' LJ »C I j l uL^S (4J-! 4J 2 4_tLaj_flJ! ajJuLlLl (j a I n"j 1 4_ljLiJI ^_ (J_^>- I * * * <5jl JuLa y[ t mi (_gjl i n"j 

^j ^"j ^jjjj 4_Laj_3 /fl i iiL) i_3j_*3j ( 4_iLaj_dJ! SjJujJ! oj^sJ\ p!_J-ll Jl>-I ( ^0 ) (J^zjljjJ! O^yj ' 4jLaj_dJ! 

4 j i mi->J1 J"^-* 11 (j-a <Lcj_aJ5t/3 J>_a^>-J (j-C 1 ^-^'t-jLJ-J ' J ^~~ <\'— '"*- j I <LajUm 4 La i ulj J i_dj^>iil 3jJiJ3 ^j a I i <ali a I I 

4jl3Ij pljju 4HjL^j ^jja i La '"j J^j) ' T^, 4 ^ ' ***' ' a j^'j-^- 4 La i ul^J I jj ' * ' ^"j? ' <-^.J- >, *l 4-aljijo tla-po (_jJ-I' ( & ) 

.(e) o'jrH 5 « JiclS ^^ LLaJLuaJL ( m ) jUSitl Jl^ L&jjJlj ^^23 ( rl ) 

MjL jjJ3 "^ ^^Ls. <cl!j^>J,! 2jJ^3 <j-uLt3 4- sJljJ! Jj^ ( 4_ljL-u ) 4^-«^-,A a ( b ) .U;.MI Jjjaljj^ tjj^-'j 
^jlj-tll (J^i! ^jljj^l f-i-ij SsljJa (Jja- i n"j i i_*Jj^>JU ( ialjL>- ) ajl Laj 4Ja-L>J,l 4j i mi-»J1 (JH^aJl ^^-Lc da-Lio 

. >■ 1 1 n -^a ( rl ) fljjJI (jjj j-Aj ' ( el ) L^JI ^ysjJul^ < JjJlIc. 

£j-\_i c£IL^z3lL>. 2s! <LajULa jljjUa i ( b ) (J j a I j i .a 1 1 i La 'j"j ' SjQjlL! 4Hc^ i a I jjJ^i (_^>- , -^.J- > ">l (J J* '"'" t*-*- 1 (*■* 
SjJlSJI *^a i. i mLuJ 3JuJl>- I j a I ^jlj-tll 3JlC.LJ3 ^^lc ( fl ) 4_Laj_<i]! p !jj JaJniajj ( ajl LaJlj 4 ■> i ul>J| J" 1 *^ >-ll 
Oj'^~ '"' Lilljuj ( e2 ) L^jI (_ysj a ''j) ' L)'j-i-*' J^ JljJljJI ^jljjls! f-Aij 2*!j^ (Jja- i n"j ( tiJj^oiU 4_LLaj^J! 

• ul i_£' ' s2 j el j^jsIj-SJ! j^_! /^jLjJI (3j-aJ! j-uG ^^a l*Jj^>J,! Jt u> ^c i^oLlII 4_JjtA!! 3_jiJI 

• F = ( ^ 2 _^) x g (N) aUjJi1\ Jl*. iliLUI S^SII 



. ( N ) j 4laj-iJ! (^c. iliLJ! s^U! = F 
.(g) f l>>JL> jljjJLI J£J e^U^I u'j^^ 1 t^j s *'j^ = e2 

. ( 9,81) m\s 2 i^jVl 4_ujL>J! iJL^ = g 
c 




( ^o)J^,i 



^«A 






iaLjii! (^^J ( r ) iLaj-il! f !ji Jj-b Lj>j_LaJ3 ■ a^aj ^j^^u (^^l!! SjJjtjJ! lia-LS&a Jj£. m£I i L&^_pG <LaL-uj3 J! 

: (jj m£1 ( ^U^ *>jJuLa ^jlj-J,! S JlcLJs (_ 7 ic L&jL^3lJjI ilajijj ial JljJ! j^j " ^_i 

W = FxS 
S = 2.n.r 

: OJ^-i" lii] JljJ 4_uLjJI Ii_ JjJljJ.1 J* Mill JJl*j3 ijr it, SjJulII (jl i_3_JjJ«J, !_J 

; AaLjall o j Jail 
n = Fx2Ilxrxn 

= wxn 

. Jj*. ( J ) _j JiiJI ^ = W 

. (2P^H ( N ) -j 2j2JI = F 

. ( m jliLi cjU-jjJI — rad obi^' ) -J ^L^l = S 

. ( 3.14) 4^UI *+u^\ = n 

. aJLoj-oJI SjUa j '-"■<* I a-i<aj = r 
. '~'lj^^— ( kw ) -i 4-tLaj-aJI SjjJill = Pb 

. ( rpm - rps ) LulUI 4- oLaUl j>Ji£. = n 
il<iLLll 4_tiaj_oJI l^2l\ jl jl>.j jl^j < (n) = 300 rpm icj-caj jjjtlll Jj-i-a Jolj-iVI (^-Ljj dlj^t^ jjJlj s JlJU 

. F = 65 kN L&jl jii^ 2jLlaJI iaU* ^^i^. 

. d = 1,8 HI SjliaJI 4jbtj«J JU-aJI jUStl (jL==> lit 4_jLo^aJI SjJlIII i.^im-wI 

t Jrtl 

F = 65>< 1000 = 65000 N 

d !' 8 no 
r = — = — = 0,9m 

2 2 

300 , 

n = = 5rps 

60 

n = F x 211 x r x n 

= 65000x2x3,14x0,9x5 

= 1836900w 
= 1836,9kw 



4»j!jJ!3jb->)! JjJJLt! uLSjJW jaaA2?l 



^j^l /tjl_Lll (JJl i*iitl i_3j_*-)j ( jjjjLl^=lILi (J i ■"■" 1 1 JjJ3j_tl (_yic ^pp 2jJ9 4 La i ul aj i-l!j^>Jkl Jj^J-* 3 \j I 1 ' O'JJ^ (*-" 

<U VI Jl (jjJSj-U -i^-s-c (j-« <>jjJlj J ft" 'JJ ' (j'JJ^' fV^ 1 ( <u - u ^ 1 i3^J^' -^J"^- (j'jj-^ '-. ' j ' "J l£ j^'j 2j-5JI oJlA 

SjJ^9 (_ll ) n~>- « jJalll " ' t— 3j) ) rl^ l_l!j^>iil <Ulj_l_u (jj/LlJSj O'JJ^' fO^ 1 *~~ ' "^ **^~' a| I JLS £ L^JjIjJ (<UJ (_jJ-JI 

. 4JljjJ icj^uj ^J^ ( ^^J- C - 1^1 ( J« "'N ) ^Jj-^' (j'jJ- 5 (O^ 7:\~'<~<"\ I -'^— • 1 ' 4Jl (^1 ( dJj^>J,l 
£_ tj'jjjJ' j^=j-a jj^l LkJm-i jl jJLa (_^l AJ-*JI f"'ji 4r S >J |JLl SjJiJI t—ij-iis 4 La ■ ul aj (jljjJ^I <*>£■ (J-uLSjj 

. l(jjlr (_^jijji£. ijLsol 

. M = F . L { jljjdJI j»^A^iLM 

. ( N ) Sj3jll S^SJI = F 

. ( m ) f >JI ^jlj = L 

. ( Nm ) jljjjJI ajc = M 

^jLcuj ( L ) Jj^j-ll fj'^ 1 Jj^ 3 l>^=J ' 1200 KN ^jL-uj (JJ3>U ^^^- \- Sjjjll ( F ) 5_a2JI oJL£= lil 

M = F.L 

= 1200(KN) . 0,50 (m) = 600 KJ 

: ( W ) Jal^JL ( P b ) LJLa^l ijj2]\ &£=& jj] c^j aJUJI „ju*> 2_j 
2Un 



P b = ( F - L Y< 



60 



''ttj 



p =M x 

r " 60 



n. 



4*j!jJ!3jb->)! 






2utijjjiuY5riia 



P, = w 



2n« 



60 



Pv 60 

M =— 

2Un 
_ 6400x60 
2II240 



.6400 KW aJLoj^JI 43jjij <. 240 rpm ( n ) 42c.j_^ l£Jjj»^ (jljjj a>£. J^jf 

j Jril 



254,48*/ 



ni 






jJiYW 






^usjiaajiw 



tj-GLb (j^-i ,j "1 L^aJI 4-g.^ i nt ^j i ^i ^ 1 1 AjjjJiJI *-2jj BDC j TDC /JJ La 2 * Jtl£. 1 1> <-> «. — » ^,,1 ,^-.tl ic^.^ ^jj. 



^ 



(JjjLl^=JI <Ulj_u/ (jj (_£l 1 Lu^Sj <L<ijLJ9 ^di'j l3^J-^' ^ £ -<- LU ^-° (Jt!- 1 ^ 5 3-'-^ ' P'J-^ >JJ' : ~~ ' ' La^-^- ' £^"l-**" 



















\ 




l\ 





TDC 



rdc 



t 


■^T*\ 


ijl 

1 





n = 



_ 2.s.n 
^~60~ 
60. v 

V m 

2.n 
60. v 

V m 



2.s 

V n 



( M)J^=ui 



. ( m\s ) a Jl^-^J (j^L^all aU,..j-,tl ic.j_,^J| = V m 

. ( m\s ) a Jls-jj (j-ul j^-ilt ^ji^intl icj-t^JI = V max 

. ( m ) ajL>-_aj tlajjiJI Jjla = S 

. ( r.p.m ) aj^-^j tllj^m obi-* ^j-" = n 
. ( 60 s = 1 min ) Jjj^j -JJlc = 60 



)M 



2*iljJI3Jb>}l 






2utljjJluY5niu2j 



sJLw 

. s = 80 mm ; n = 5000 r.p.m eJL^= lij 

. ( m\s ) ajL^-^j ( V m ) j-lj^U 2 U , „«" 1 1 a^Ij ,„t| i_Luia.| 



2.s.n 2.0,0800m.5000 ,„„ . 
V = = = 13,3m \s 

Viv 



60 



60s \ min 



: Jail 



: < UU fifcLfl 



C V m ") jj.,1 ,^-.lt 2U,„j",ll 2<*j ,..\\ 


<^l£ji 


8 m\s ... 16 m\s 

9 m\s ... 14 m\s 





nr 



4»JljJ!3jb->)! 









£_ <"<r»ljU,..VI 2_ oljliJI (j-a tejLlJI Jtu.it! c>u 4 j uiitl L4JL1 l±!j-x-«JL! 4-uLuJI 4jjIj.->JI S»La^=JI i-3jJtJ 

. \ • • x [ ( aJ^IjJI SjIj^JI ) + ( <^LJI JiAJI) ] = I a^LJI a^Ij^I S*U^=JI 

. Jj_ijJI CjL^=j^ta pLu-a L^jj^so (_jjJ! iil)^e_i-Jlj 4-tLqjtl, I CjIjLiTl^^M ^_ A_ul_uJI 4_)jlj^>JI »-> a^aJI J t" 1 nlj 

sJLw 

jljAU J^Ia ijL^= 'H^ ' n ( 126 r.p.m ) Zcj-ul* j^tltl jj-la lLIj^VI ^LS t-djj^a jj-^ 

Hu ( ajjIj^kJI 4S*ja Jjisj &* H ( 2900 kg\hr ) iMI^i,,,^ « d ( 0,800 m ) iil^k^Vl j-L2>j « S ( 1,600 m ) 

. Z ( 6 ) oU^-J^I jj^ij « Peff ( 12 bar ) ^LJI i&^tUI .Ui.MI I^jla <j^ I i£ ' 44 M J\kg ) 

. ( 126 r.p.m ) obj- 5 4-c.j-"-" = n 

. ( 1,600 m) jiym Jjla = s 

. ( 0,800 m ) ol^k^Vl ^laS = d 

. ( 2900 kg\hr ) jjSjll ^Mgl^l = H 

. ( 44 MJ\kg ) jjii^L! ajjIj^JI i^jSJI = Hu 

. ( 12 bar ) ^L^l ,U;,MI uL^jl* = Peff 

. ( 6 ) <"<r»ijt — vi jj^ = z 



. ( Pi ) a^L^I SjJiSJI - \ 
( rjthi ) a^LiJI ajjIj^JI i r \Z£~\\ . Y 
. ( beff ) jjSjlJ ^yijiJI ii]>l«I^VI . T 



US 



4»JljJ!3jb->)! 






2utljjJluY5n2Lu2j 



p=F4^-.± t 



60 



= 12 ltf x n(0 ! 8 Ix ,26 

1000 4 60 

= 12x100x0,50x1,6x2,1x6 

= 12096kw 



x6 



;_P. 



x3600 



rithi 

BxHu 

12096x3600 
2900x44x 10 3 

= 0,341 

= 34,1% 



beff 



B 
P, 



2900 
12096 



0,239kg \kw\ hr 



: 4-uLuJI SjjJiJl . \ 



SjjLaJI ajjIj^kJI 2*Lo^=JI . Y 



jiji^i! (^jiil id>< g"i i »VI . T 



n» 



4»j!jJ!3jb->)! JjJJLt! uLSjJW jaiaA2?l 



SMjU ,„VI JJ..I.} cjIjUlII (j-c S*i uiLJI ( lLIj j^^-— II ; ) 2jJl-1!I L$Ji (jr JLi ii]j_x_all LuLlaJI SjjJill i-3j^»3 

. 4_(laj_<ill ajjJill /<u-ul-i JU-Ll-w. i_3j_*j L^JLa L$J « aj * a ajjJLa oj^us 2— (iJ j^»JU 7TjL>- <Jj J Sj *" Lajtlcj 

LajLHI (^yic i_lU1U Li^aLjuL^aLxa |jl2£ 4^.jL». J I c±!j^>J,I <Ji»-l-} <j-a ejJLaJI JLajJl 4jlof '.''*" a JJ? 

JlJ£.j 4 r<ljU,„VI jIJls-j > j..lj^-.tl oLala. Jla i ii]jjx_aH i^=jjcjJLl *lj^^l 4- 4->JI_Lll 4_^=L^al^l 

. tcJJ . . ,Jj^( jJlj '"'I *< o uaJl a 4_<_u_uj_ll 4jr ij/lj^=JI 
<Lilaj^ sjJJ9 Jl 4_ul_uJI SjjJill ,Jja^>iJ <4- iV"""^' JLdAJI jl jJLa j_j jjill A-L^a-iJL^aL-iJLl »-l A^—tl J t " , ,^j 

: ji^^ 5 ^^ (jr^J 
\ • * x [ ( JaljjIj^-itL ) A-JL^I SjJlSJI + (Jaljjlj^itlj) 4-ilaj^Jl SjJlSJI ] = / Ll^a-ul^a-JLl SeU^aJI 

. ( Pb ) AJLaj^il SjJiSJI - ( Pi ) i-JiLj-JI SjjiSJI = ( Pf ) S^l^u-.^VI SjjlSJI 

4JJ i n ■> 1 1 4_ul_uJI SjJlSJI £yU 3j"^' TJ^^ <Ll==L===l1>-VI SjJlSJI l_ll i n~>- »j ' • ^— 1 1 CjL==j^>Jkl <|_ I **^— a 'J 

. ^La j^aLbjJL) I j ■ uLjJS (<uj (-^-11 4_(laj_<ill sj JlaJIj (JLljJI y J'^~" » '"'' (j-a 

«jl-i^ (^Lij-^sas iJj^ta .a Jlst" i uJ j2J£ i 4_ul_uJI L^jjJlS (j-"L(-S ' / » ' <aJ ( _^JIj jJu^a ^1 CjL==j^>Jkl i^- ^°' 

<LuL)j^==jl1I SjjJill (j-uLiS (<^J ' a.slj*il <Ulj i nil jJ! 4j£.j_i-u J i ^" (jP^*- 4-tC -ia^j-ll *-LaJ9 *_a dJj^sJkl 

cilj^sJkLl <Gj1j>^ ^LajLseTLm.U SjJlIII (_yA udj^t-all 4-j==L==al>.VI SjjJill jj^" lilljljj ( (ill jJ LajLgeTmi.U 

.P, = pf+Pb 

A-Lut-a icjj-u JlJ£. 570 KW ( Pb ) 4JLaj-HI <GjjS duL^= li! (ilj^>4 A-^aLjuL^aiJll a»La^=JI (_<^a^l 
. <Xlc Jij^jJI ?<-LaS ?<-a A^lj (nil (jjiAJ Jtlc ^Lij^^s iJjj^^iJ JjJ^l 190 KW Jl rlTcvjj 

? Jail 

. 760 KW = 190 + 570 = ^LuL^I SjJlSJI 



. 75% = 100 x— = 100 * 2l = ^^(M^itl U\-^=l 
760 Pi " " " 



ni 



4»j!jJ!3jb->)! JjJJLt! uLSjJW jaaA2?l 



(-dj-^-aU 4 [ i nitu ^"'l^j '«"'" I 1^~~* < L&jl^Io i_S^Ll>-L) CjL^=j_x-aJLJ a .;^-'.;''^-'.;^ ' a»l a^aJI I alia* ia 
. . SjIj^kJI CjL>-jJij Cuj^IIIj Jj^xlII (Jii-d ( 4 a I" he 1 1 4ljt cuj (J'^^-tj ^-Llc-'vj jl jJLaj «G£.j_<_a] L*_ij Jl>-IjJI 
IL. AjLulII (_yilj3 LaJtJ£. (^y^a-uL^B-Jll JuLUI (_^2J 1 pl^— t-<]jjx-al! Lt^aLjJL^ai-iJLl S»La^sJI -Sl-SJJJ i ?cJJ 

S»La^=JI 7-jl^pjj ( LjJ>dJ ) t >lIL>JI '£- (jr^rpL^ 31 ^' JuLiJI oLj] tlUjij i J^L^aJI J-a^>J1 Ju£. 

. 90% , 70% uru JaL^JI Ja^JI juc JjjjJI ol^=j^« fj^jd, z.<^.\\<^.\\ 

. 300 r.p.m o'jJ^' icj->-u = n 

. 6 <"<r»ijt-,..vi jj^ = z 

. 460 mm r,|jU,„V| ^^ = D 
. 640 mm jlj All Jjlo = s 

. 11 mm 4_uLJI JL^auSi Vl fLojjl ' ta i -j" a = h 

. 120 kN\m 2 \mm ^[^\ ojIS = k s 

. 57,6 KN .Up.U J^ aJLl^I iiLaj-iJI SjSJI = F 

. 1,98 m Uaj^jl aJL^J JLl^JI jiaill = d 

. rim Lt^a-uL^a-dl S»U^=JI . T . P b LJL^I s jJl 2J| . Y . P ; ^LJI Sjj^l .^ 






rt =hxKsx — ^— xjx — x — xz 
Fi 4 60 2 

n(0,46) 2 300 i 

= Hxl2x— y — ^-x0,64x — x-x6 

4 60 2 

= 2105,96£w 



uv 



4»JljJ!3jb->)! 






2utljjJluY5n2Lu2j 



P* 



O TT " d 17 

zxJlx — x — x F 
60 2 



. 300 1,98 

2 x n x x x 57,6 

60 2 
1791,46Jfcw 



r|m 



Pi 

1791,46 
2105,96 
0,85 

85% 



: ajJLoj^JI SjJlSJI . Y 



4.^-imI^-hU 2»UgaJ| . r 



UA 



4»j!jJ!3jb->)! JjJJLt! uLSjJW jaaA2?l 



J '^" J .'^~* lA-'J i -^.> j>,, 1' 4-JlJ-k ' "I 4r W^ 2 *— 1 3 ar ' "^' s, '_^' J' ^ L ^- a L^- 1 4 ' '■" "' (j^- 4-Lq-re->J I ss-Li^aJI j_l*j 

^j a\ •'—• II <La»l i n a ^2^ *J>-lC (jr^_J ' (J ' '^~~* "^"'ji *"-tX->j ' (j-Jr '"'II Jaj; i*ii *l_ul «.l^a<JI ^j-* 3 4 ithi ^j^-— i ) 

Jtlc {_yz- i"itl Jaj i"i «.l_<j| «LJI aia ■ u »> Jl LiLl2 (Ji>-I JlII *'_aiJ' (O- 1 *^*- J- 1 ^-* (<UJJ £ jl J call (Jj-*a 4r- ** 'JU ' '"' a 

: j)J^~~ '"' <-lU juj £ ( _3jjj /<ua VV\ ilaju a a ^ \ Jtlc (_£| ^jjjLlC i La » i a a 2jIjj>- 4^»-jJ 

W * x [ (j^L^aJI i^ljl * ( J^aJJ (0-aVT"\ i il Jj£.) uj_pt^J,l sl^l (<^*-3-] = (^UL>) 4_L<a^ej>JI S»La^=JI 
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